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A veling & Porter, Ltd., 


RoonEsTER, K=nt, 
and 72, Camwon Street, Lonpon. 

STEAM ROLLERS. ROAD LOCOMOTIVES 
STBAM CULTIVATING MACHINERY. 
STEAM WAGONS. nega 
OBMENT-MAKING MACHINERY. 


A. G. MY 2nford Lt), 


CULVER STREET WORKS, COLCHESTER. 
Ow ADMIRALTY AND Wak Orrice Lists. 
BNGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEBD PUMPS. 
See Advertisement, page 29. 
ATENT WATER-TUBE BOILBKS, 
x AUTOMATIO FERD REGULATORS, 
nd Auxil as supplied te the 
ene See es 








(\ement.—Maxted & Knott, | « 








Highest references. 
Address, 
HYDRAULIO and HAND. 
STEEL TANKS, PIPES, GASHOLDERS, &c. 


Burner Avervus, Huw. 
(ran 

f all t 
I[thos. Piggott & Co., Limited, 


okunee Commating Gussie Raainees. ap 4 
BRALLY on pepposea 
BNGLAND AND " ONLY. 
Hetablished 1680. 
Oablegrams: “ Bnergy, Hull.” 
es.—Electric, Steam, 
of 
GHORGER RUS 
Motherwell, near Glasgow. 
TRMINGHAM. 
See Advertisement last week, page 185. 


Pleaty az and Gon, 


MARINE BNGINREES, &e. 
ee ENGLAND. 





Locomotives. 
crit and Workmanship equal to 
in Line Locomotives. 





[the Glasgow ‘Railway 
AN, pe age he 
London Offic¢—12, Victoria Street, SW. 
MANUFACTURERS OF 
RAILWAY OARRIAGE, WAGON AND TRAMWAY 
WHEELS & 


AXLES. 
CARRIAGE & WAGON IRONWORKS, also 
eS CAST-STHEL AXLE BOXES. 
P & W. MacLellan, Limited, 
* OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 


RAILWAY CARRIAGES AND WAGONS, 


OF EVERY DESCRIPTION, 
KALLWAY IRONWORK, BRIDGES, ROOFING, &c. 


Ohief Offices : 129, Trongate, Grascow. Od 8647 
Registered Offices: 1084, Cannon St., London, B.C. 


fruller, Horsey, Sons & Cassell, 
SPBCIALISTS 








in the 
SALB AND VALUATION 
PLANT AND gery: glee 


Oda 
ENGINEBRING WORKS. = 
1, BILLIEEE SQUARE, LONDON, 8. e. 3 


[ 2vincible (j2u8e 


BUTTERWORTH BROS,, Lia., 
Nacton Hoath Clase Working” 
Manchester. 


oa me 


1. 


sive! (Yochran 


3769] 


arrow & Co., Ltd., 


Gite AnD D uNGINNEES, 


STBEAMERS 0 
Exceptional Shallow Draught: 


ELS PROPELLED BY STEAM 


Turbines or 
| Internal Combustion Engines. 


(‘empbells & Heer, |: 


Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 


Od 8758 





DOLPHIN FOUNDRY, LEEDS. 4547 





7 Pe Launches, or Barges, 


Built complete with Steam, Oil or ae 


or Mechin lied. 
vosFuns & 00., np. Baow. 


Lap., Broap Srreet, PorrsmouTs. 
1¢ 
TO Pp tam Pp i ngs 


write 
parte: 4 bey ae ge A + phe. FORGE 00 
Sruger, G 





50, WELLINGTON 





O*. FURL APPLIANCES. 


PRESSURE, rg Sream. 
For Boilers of all types 
KERMODES LIMITED, 
35, The Temple, Dale- Street, 

Liverpool ; and 
109, Fenchurch St., 
Naval Outfits a 


London. 
Speciahty. 


4078 
ocomotives Tank Engines 


MANNING, W ay AND oO ComPARY, Lan Limrrep, 


See their Tilue A at ay e 128, las last week, 
MULTITUBULAR 4 AND 


Boilers. 
See page 102, May 4. f134 


Purch and Shear Machine 
Consult us, tens beck cat tne Unsapest.° Siem 
Stock. Sa Batablished 1860, 
BROS., Waet Mount, HALIFAX. 


é “Gripoly” 


MACHINE BHLTING 


FOR : 
Dtivize 


Conveying 


fy leveting 














Sox ManvractuRens 


os,| [ ,ewis & T'ylor, Ltd., 


CARDIFF. 


Lorpos. “Maxowesran. Giascow, 


_j ohn ellamy, L_prited, 
MILLWALL, LONDON, 8. 
General ConsrrucrionaL ENGINEERS, 


Boilers, Tanks & Mooring Buoys 
Sra.ts, Prract, Tawxs, Aim Recuivens; STEEL 
Cumavyers, RiveTep STEAM and VENTILATING PIPES, 

Hoprrns, Spxctat. Work, Repatns or aL, Kurps. 


F[tabes, Iron and Steel. 
Edwin Lewis & Sons, Ltd.., 
Wolverhampton. 


[[iubes 


1216 








and 


Gtewarts and T jovds, [4 


Glasgow and Birmingham. 


See Advertisement page 7. 


=| Poubber 


Packings 


, 6101 





MANUFACTURERS 


** Redstone ” 
“ Bluestone” 
GUTTA PERCHA & RUBBER, LIMITED, 


Torento Canada. 5018 





ew -Chicago Automatics, 
Three Sizes, Delivery from Stock. 
NEW CAPSTANS, 1} in. through the wire feed. 


JOHN MAONAB, Many Sraerr, Hype. 


Tel. No.: 78 Hyde. 
THE WHLL-KNOWN 





S TYPES. Frime Re Moulding Gand, 


FOR 
IRON, BRASS, cn sa aw 


APPLY, 


Mansfield Sand Co.,  Ltd., 


MANSFIELD, NOTTS. aire 


[rhe Norman Thompson 
Plight Co,, Ltd. sen. 1908.) 


ConTractoas To THE APMIRALIY. 
“THE PIRM WHO GAVE THE FLYING BOAT 
TO THE. NAVY.” 
ALL BRITISH BUILZ. 





Works :—MippLetoy, Booror, Everaxp. 
London Office :—Drwar Hovser, 11, Haywarxer. 
Bognor,” 
Meus colts Tools in  Biock = — 
es SELES to admit 181n., 26 in,, 
Bolt MAOHIN 
‘04 _ es oe Special Second: 


hand PLANBR, 25ft. 
vAMES 8 4360 
Chamber Iron Works, 





YA 
Fittings, a 
Pockets, and 


les Limited, 
o INBERS, ae. MANOHRSTER. ’ 
FEED WATER HRATRRS 
CALORIFIERS, RATORS, Row's 
OA nee er Teite ParTayre 
Merrill's pny by 4 An, STRAI 
a re RT Ag Tg 


B Gitar oo SOFTENING and 
arrow Palest 


hs Seoprrcct Boilers. 


4006 
Messrs, YARROW DERTAKH the - 
PRESSING and MACHINING a the various 
Bot} oh Steam 








RAILWAY CARKIAGRS, BLECTRIO OARS, &o. 


i Nes Nelson & (ie [ 


Tax Giasecow nano ne oat 6 aup PLawr bey) 


Mietthew pug & (o- | Fe 


Levewrorp Works, Dumbarton. 5304 


See Full Page Advt, page 56, May 4. 
Forgings. 
W alter Somer & Co., Ltd., 
RALESOWUN 


Fez, 8 Sale, ~ Root’s Blowers. 


All with poy olting bearings, fast and loose 
= eys. 
For — 
H. J, 
worth, Give. 


Tavlos & Challen 


Presses. 


R ailway 
Gwitches and 
rossings, 
T. SUMMBRSON & some, LIMITED, 
DagLieror. 


Delta Metals. 


winw ont DELER MURBAL OG” Una ot ’ 
as ines, Suction P 


advice.—B. J. DAVIS, ona ann 








Disposal. 
KING & CO., Lop., Engineers, —_ 











HIGH-OLASS 4 
+ ENGINEERING ALLOYS. 5 








Ixcors, 
o Bu..ers, 
TE einin tate: 


THE BRITISH ALUMINIUM ©O,, Lp. 
109, Queen Victoria Bt., B.C. 4, 


Bat, 


5019 





ees aes Boilers 





Tron and Steel 


[['ubes and +e ice 


The Scottish- “Tube Co., “Ltd. 
Hea Orrick: 34, Robertson Sere, arom 
See Advertisement 


Pivverimental and Research} T 








CHANTIANS & ATHLINNS 
ugustin - Aj ormand — 


67, rue de HAVRE 


Der aa nt be roy Rate Boats, 
sonsanpr tens Water iCal 4 
(jentrifugals. pies 


ott, (Yassels& WV illiamson, 











Ae fication, which 


“ENGINEERING, 


[May <3 ty: 1917. 

















THE GREAT INDIAN LA aad RAILWAY 
COMPAR NY. 


The Directors are re prepared 


[renders for the ‘head of 
the following STORES, namely ;—- 
HELICAL SPRINGS. 
Specifications and Forms of Tender may be 
obtained at this office on payment of the fee for the 
yment will not be retarned. 
ers must be delivered in separate envelo 
sealed and addressed to the unders! , mai 
“Pender for Helical Springs,” or, as the case may 
be, not later than Bleven o'clock a,m,, on Thursday, | pesctica 
the Ten May, 1917, 
The tors do not bind themeclyes to accept 
the lowest or any Tender. 
RK. H. WALPOLE, 
Secretary. 
Company’s Offices 
48, Copthall Avenue, E. C., London, 
9th May, 1917. G 162 
1 ct ‘MATTER OF THE TRADING WITH 
HY ENEMY AMENDMENT ACT, 1916. 


The PUBLIC TRUSTEE invites 


[lenders for the Purchase of 


the Whole or an rt of 119,660 — of £5 
each any Lena TaD. in 8I MENS BROTHERS & COM- 
PANY 'D, vested in him as Onstodion byan 
Order made ees in pursuance of 

of t Buemy Amend- 





Trade, 
e 


£5 each, fully 

pen SK who must be British-born sub- 
Jeots, eit be required to make a sworn Declaration 
to nationality and freedom from f control 
mal a form to be obtained from the of the 
Uns cottaaeeis ill also be fred to satisfy th 
e wille’ requ 8a e 
Public Trustee as to their financial and technical | B 
ability to carry on the business of the Company as 
efficiently as heretofore, or otherwise to the satisfac- 

eareee rapon the Com ‘soperations and affat 
report upon the ny's opera’ and re 
has been prep y the © Company, in junction 
with the ame A Auditors (Messrs. Paice, 
Wasmanouse & Co.), and with Mesars, TurquAnp, 
bis ey & Co, Copies of this report can be obtained, 
it as hereinafter with 
es of Company's accounte up to the ist 
> a written Apel cation toe the 

y, W.0. 

required to satisfy the 





Public Trustee, 

All « nts will be 
Public Trustee as to any matter which he may think 
Gt to imvestigate before copies of such Report or 
— be 

Urey an Comp fntinol cote 
the Com 8 app! 
Rrustee for an authority to do so, ¥/ 
ot must be de vat , sented, to the Public 
way, W.U., before Thursda: mentee 
AY Jane, mb ts APHIL2ep, AS PREVI BLY 
ADVERT! ,» at Twelve o'clock Noon, and 
the euvslops ** Tender, Siemens Shares.” 


The Public Trustee selfto oo oy 
any Tender, and nate te himself all rights 
connection 


erewith. 
Peseasal Copter eam to ebinjned fogs the PUBLIC 
USTHB. 


Dated this 8th 1927. 
0. 3.8T Water Pattie 
sant Walks. 


Custodian for England and 
APPOINTMENTS OPEN. 


unitions Manufacturers 
with large turnover REQUIRE a SALBS | 2° 
MANAGER to “Tees light engineering business 
po te <a eam given Kye who ean 
asary ce - 
Lenrnanee specie in sanufacture., Splendl 
opportun or the right man. Princ pe 
need ly. ~ AGAR, BATHS, NEAL & 
Oharterea pistons 9 Birmingham. bo 


A S80ciated British | Machine 
on, TOOk MARESS, tee 

eee WANTED. GENE x 
Mrity oeeith commercial and techatcat 
Cg ral remuneration to suitable man.— 
pe A oes as Rag wcrpecna | and salary 
Sheaees.: 


to commence duties at 
Grant Two Works Su 


INTENDENTS for large munitions bo 
in RR Midlands. Must be en - 











G 664 | ASSISTAN 





ate essential, 
Oniy 2 aay ow — need apply. 
and salary sige —Address, G 
Byemersaine 


Shop Superintendent, *fully. 
conversant with = engines, ~ % 
estimating correctly, and experienced 
Tuanagement Salary, bonus and paeemeence rs 
fo o> ‘on Government work 

oo PR: ot ee eee oor Fle ng 


Wanted eas 
ni 








, Works 
RBPAIR meee 

mt in the Mast Lead a 
man ge accustomed 

of Steel Mills , 
nection therewith. Must how to 
‘workmen, and have sound 
man 


ed (Shief Engineer 


Bibi. HAIALY axp Positt 





WIMBLEDON TEOHNICAL INSTITUTE, 
Gladstone Road, Wimbledon. 
ssistant Master Wanted, 
chiefly for Engliab and Mathematics, tn 
Junior Technical School, 
and additional remunera- 


Salary £150 annu 
tion Hvening Class Work 

Furt! lars nod Application Forms may 
 .W, A, HARWOOD, 


her part 
f 
Prineipal. G 697 





Wanted, Dr Drau htsman for for 


direct current machines. Seeae oe 
nt work will be sccepsed.—Write or a} 
to the nearest Board of Trade BMPLO 
EXOMANG mentioning this Journal and Wo. 


htsman 





echanical ' Drau 


Required, Manager. for Steel | sect mack 


‘oundry in South of 
good ee 
a net ay eng Ponte wit 
salary to 


A.d, Winsox & & "Oe, 
London, #.C. 1. 


(Shemical Engineer Gisaaer 


eM tag by Oontrolled be for works in 
PB acon ve — Sta e, salary, 
ex ene ram 


nd organis culling. to Ox B %, 
Lee & ireampeyeate, aveepool. G 621 


gland. Must have 
, and be pga > nn, 
latest foun 


ractice 7A nem 
bas ans Wee BOR 
, 4, Closiwareoet “Toad, 


of chemist 








be gr emery A with sound theoretical and 

| know 6 in mp —_ — enon 
voces for the completion and running 

farge factory. Applications will only be considered 

from ineligible gentlemen who ve occupied 

similar positions, and can furnish excellent testi- 

fw eg hp ry Box 462, care of vated 3, 


Gresham 8t., E 
Wa! orks Accountant Required 
e Government-controlled Bngi- 

posing Works “i 2 Pp marrgge dion and maki 
C) sy small engines, re jon and genera 
work, App licants must core ret-class 
experience in Factory Apoounting, aa be capable 
of coaeuees thoroughly modern system of cost 
and records ; one accustomed to Hollereth 

‘Tabulating” 





Machine preferred.—Apply, Fag 

of ex jence and sa requi to 
po nearest y= Eat tT XCHANGE, 
quoting this Journal and No. 3182. .No person 
on Government work wil} be Parsons G 705 


Gor eran with knowledge 


of Explosive trade and Companies’ work, 
WANTED by 
trative dutive. Must be ne for military 
service.—Write fully te BOX G 3256, care of 
— ¢ Advertising Agency, 121, Cannon sre 





Saneee tn Pirm for adminis- 


Required W 


‘nor resident more than lv miles away need a 


Address, statin; omry and experience, 14, 
Offices of Brecsunane. a 


SITUATIONS WANTED. 





= peed ce| HyDgineerand Works Manage, 


momtens * we and. var’ 
experience iat in the production — re 
work years’ experience @ ma”. 


facture of Aircraft in quantities, SEBKS POSITI: N, 
A thoroughly practical man, first-class organis:; 
and expert in factory equipment and too]; 
Address, G 769. Offices of ENGINEERING. 


Wore Manager, Technic:l 


and Cainmercial, 44, DESIRBS POSITIC : 
rience in high-class Steel Found: 
Steel 7 Works engaged on all classes of mate; 1. 
dao, G 760, O of ENemrEerrine. 








p= ug htsman, Mechanical, 

Sang ie at ence for work on Govern- 
ment contracts in London.—Address, stating age, 
experience, and salary Sequived, G-719, Offices of 
Enevreerine. Noonealready engaged on Govern- 
ment work or residing more Vinee 10 miles a 


need apply. 
, Thor- 


anted, Immediatel 


ough Bxpertenced M HAN ICAL 
DRAUGHTS ; experienced in electrical plant 
an eee: p but not essential.— Applications, 
wan shou avek full details of previous experience 
and salar ¥, should be made to your nearest 
EMPLO a T BACHANGH, quoting No. A 3164. 
n eeney enga on Covernment wo 
uF pega Gal 


Mechanical and -Civil 
DRAUGHTSMEN.—One or two men 
po a ae in bofler-house, engine-house, piping 
REQUIRED b and eneral structural work, 
IRED bya firmo Engineers, on Government 

— on the North-East Voast.— Applicants should 
applytotheirnearest EMPLOYM BXCHANGE, 
stat! age, ex enceand salery required, quoting 
No. 190, o person already on Government 
work will be engaged. + G 725 


anted, by Railway Com- 

pany in London, DRAUGHTSMAN (in- 

eligible) wit he gf of Railway Electric 
Signalling.— Address, G 627, Offices of ENGINEERING, 


DP taughtsman, Junior oF|6m 
Senior, for Jigs and Tools, with shop experi- 
ence ; permanentposition. No man on Government 
work will be engaged.—Apply, re boryn 
tions, age, mre required, and earlies 

















Cosi Clerk Required at West- 


minster Offices of a Constructional Engineering 

(controlied). Must be over militarysge. Have 

hed) ponens costing and engineering shop expert- 

ence. Rephy. stating full ulars, age, and 

Noone employed on Government 

wonk nor aldent more than ten miles away need 
#pply.—Address, G 701, Offices of ENGINEERING. 


(Yost Clerk Required for 
large Engineering Works. No one engaged 
on Government work or cesident more than 10 
miles omay = be engaged. —Apply, ae age 


ua 
aG00 COUNTANT, Vicunse iaaeap, Gages 





755 


Wanted, Clerk for Timel% 


Office and Cost Book, ineligible mili 
service. No person already on Government. w 
Ue eS ly, your nearest EMPLOY- 
FcAPOe: mg No. A3194. G 708 


“Assistant. Engineer, about 25 


years of with sound technical training, 

to take 8-hour S in the running —_ main- 
tenance of a Controlled East 

a 5 Must have had similar A, and 
to the control of men. Ne one slready 








your nearest HMPLOYMENT 
EEXOHANGE. 


mentionin this per and 
No. ASIG1. : eee 108 


-j igand Tool Draughtsman for 
engine work WANTED by controlled estab- 
Mshment in Glasgow district. No one already 
re = Government a3 = be engaged. a7 
statin wage and experience to neares 
RMP LOY MENT BX CHANGE mentioning, thie 
Journal and G 747. 
J and Tool Draughtsman for 
aeroplane works near London. Experience in 
shop lay-out an asset, No mt more 
than 10 miles ve “3 on on Government work 


— appl sa and experience.— 
nig te 746, ‘Oficen ot ENGINEERING, 


W Tanted, Machine Shop Fore- 
MAN for small shop engaged on t te 

petition work near eos ppicanty pen 

stat experience, and sa 

couplatek 2 a oS overnseant week ‘ar wena pate 

than 10 miles away will be engaged.—Address, 

G 765, Offices of EN@nYRERING, 


anted, Foreman. over 50 
ble os nes and Lathes,.large and medium ; 
capa’ 9 

















employed on Government work will be ange 


stating mee and 

required, to G69, Offfces of 1 of GINEERING. 

Asotin’ Engineer Required 

for chemical works in Midlands. 

preferred, but must be exempt fram tite 

Service. College Csteteg enn expeciancoon ou 

but not essential. No 

a a8 Ss ae pee me ne be em- 

on to your 

nearest LABOUR BXOHANGH, mentioning cuts 
a ms G 678, 


nager's Assistant. (Ineli-| ica 
2 Sear eS pee ee Firm of 
Steel cman Midlands, 


Competent in dra’ ak: Seabareling of 
quttansten, seit caf cnt con papamilamees: 
, and 


Address 
required, G 680, Offices of Euourxnuina. 


A Firm of Patent ents 
RBQUIRE the ——— a TECHNICAL 
One who has had previous e 

rience in a Patent Agent's office preferred. a Ww 
full jcularcs of experience and ny nired 
Py wy , SELL’s Advertising Offices, Ficet Street, 
Jstimators and Rate Fixers. 
| pant o> re as See at once for urgent 

in large aircraft factory 


in 
Rw bent, Leaton: nA one = 


on Government 
pote or resident more than miles away need 


ee a G 732, Offices of Bygrxeertne: 
| Mechanical Designer, of First 


rate ability, good theoretical knowledge 
‘4 perience, REQUIRED for Admiralty 








talary 











and business experience, 


to 
to BOX No. 1081, care of. 


letter to 
~Py Son, Genl. Advng. ‘Age 


ee oy Leading Firm of |= 
ASSISTANTS sna CLEMICAL STA sv eee and 

rien | sour 

Secunrs Saat 








meth ta ay output, State age 
us emp’ , and vege. ° 

man on Gavernsnees work will _— 

er nearest neater ge gy ay 


ed.—Apply, 
GE, men 
oning thie Journal and G 


' M. Inst.C.E., ~ Extensive! y y 


A e experienced in ald classes of constructio:.;| 
work, on completion of currefit contract, ul 
shortly be OPEN to ENGAGEMENT on war w. 

as Resident Engineer, Chief Dra m, or 
Manager.—Address, G 757, Offices of EnGineeni:.<, 


Pasinecr, age 48, First-cla: 8 


organiser with thorough ‘knowledge of lat: 
methods of manufactu shells, tuses, &c ‘s 
PREPARED to ACCEPT for the duration of tiie 
War, a responsible POSITION in or-nndertake | |:¢ 
entire management of a munition factory.— 
Address, G 755, Offices of ENGINEERING. 


Mechanical Engineer 


REQUIRES responsible’ POSITION, 
Phorough practical and th knowledge in 
genera! engineering, extensive experience in lifting 
and ships auxiliary machinery. Costing, estim _ 
2 and drawing office. Salary about £450,— Addres 

69, Offices 6f ENGINEERING. 


GQ tructural and on Seca 


meer (45); construction. of works, 
meg 5 re-in! 











Industrial coneréte, steel- 
work, sew: te ea age workshop experi- 
ence, SEEK POSITION works. or office. — 
Address, @ 470, Offices of EncrnEERINe. 


A Scountant - Cashier (over 


Mili age), qualified, experienced engine: 
ne. shipbui rer As Tenfsunting, DESIRE: me ay. 

INTMEN®, lasgow district.—Addreas, G 761, 
Offices 7, ENGINEERING. 


Proundry Expert, Up- to-date 
methods. ‘Good results guaranteed, 
Address— 

G 597, Offices of ENGINEERING, 








—_—_—- 
ee 





PARTNERSHIPS. 


Partners 
Directors 
Businesses 
Factories 
tor these apply to 


WHEATLEY KIRK, -PRICE & O0., 
46, Watling Street, LONDON, E.O. 
Albert Manchester. 5706 


26, Collingwood Newcastle-on-Tyne. ee 


ene 











PATENT AGENTS. 


ensen and Son 
Patatr AGENTS. 








HART! 
ih 
hed 1887. British, =n Desig and Foreign 
11, Chancery Lan e Lomdoe WO. 
E. Raworth, 


trations 
born 1249, 
J ° 2 n 
HARTERED PATENT AGENT, 
70/71, Pm Anne’s Cha: 
Tothill 





Mechanical 3 ae Wanted 
for Mediterranean Coast. 2250 anhum, 
Experience of small locomotives and working know- 
of French essential. Healthy climate.—Send 

full particulars to G 733, Offices of ENGINEERING, 


Foundry Foreman — Wanted, |! 


for general neering works in Midland 
—_— Be mace tn — > Bag oe castings in 


end greensand. M size found er. 
‘ee about 60 hands. Application it2 give full 
iculare of experience, age, dnd salary required. 
‘0 ohe on Government work need a pens 
eg! our nearest ~ yi caeacagscacts BXCHA K, "quot. 
lng No. a 
ngineer (Qualified) Wanted|—~ 


of st ho eeamge and ay 

m | Miteery Service “Mes te of bie! fo 
8! 

yng 2 required, to Merrow N OLE: Town Hall, 

Stoke Newington, N,16. last of duties supplied 5 








in patch nine 





ngiveer for Institution (Tem- 


mtment): must de able to under- 
-. a om 








ia rience, and ia 
ocie, Qeeen’ ‘8 en's Row, Ore A: @ 137 
es Witerals = Wanted, 


ymrctied grtnng beet Ao sgt yy 1 of 





tus, quaetitien —The WiLLOWB 
Leicester 








De ineers. are Pre repared to 
ANUFACTURB. MEDI MACHINBS 
lor Home or Export trade after the war.—R. G. 
WHITAER, Lop., Ceres R4., Kingston-on-Thames. 


5997 
Fgineering Works, Spe 


cial- 

Pere Bn in tool ng and light rpg medium 

recision ae are OP to CONSIDER 

MANUE CTURB for after the war, © Accuracy 

teed, Only first-class work considered.— 
Address, 5932, Offices of ENGINKERING. 


ae ce Engineering Firm 
ee ra 2 with highly organised modern 
» Suitable large or oe  EOT ETON work, — 
ESIRE to GNTRHC i into ATIONS for 
manufacture of an ndditiconl | line after the War.— 
Address, 6003, Offices of Ev@INcERING. 








Lathe Work.—Advertisers 
WANT WORK for Screw-cutting Lathes, — 

6 in. to 10in. centres, and Dril hines. ; 

K OO., ai 





rass and Alloy Castings.— > 
pectal and Repetition Work Wanted. 5 

or ahi sy. OLIFFE. Chemist gad Genera! ate: 
22a, G: Great Brook Street, Birmingham. G 





a steel oe age 0 yo nt croppings x aad Foc | 


: coma X 2%, accepted. Pr pooh: itt 
Street, Liv: 


» Liverpool, 


anted, Fitter-Erector, over 
military . Protected ind 
ig 7 eSoggmeaea CKHAM & 00., Lrp., 


ge Firm of 














eating Engineer is |’re 
pared 8 get-out schemes, details of «peclal ~ 
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“GROUND ICE” AND WATER SUPPLIES. 


By James MacA.ister, Assoc.M. Inst.C.E., Assistant 
Engineer, Greenock Corporation, Water Department. 


Tue formation of “ ground ice ”’ or “ anchor ice ” | 


at the bottom of running streams is not unknown in 
this country, but its formation in comparatively 
deep reservoirs to an extent which seriously inter- 
feres with water supplies appears to be a somewhat 


provided for. 
conditions it assumes such proportions as to 
warrant serious consideration being given to the 
subject. 

The physical properties of water are well known, 
and also the changes involved during its transition 
into ice. Notwithstanding this, there appears to be 
some considerable difference of opinion as to the 
cause or causes of ground ice, and this is not un- 
natural in view of these same physical properties and 
their apparent violation in the formation of ground 
ice. Various interesting and suggestive theories have 
been propounded, such as (a) radiation, with the 
resultant freezing of the water which comes into 
contact with the surfaces of the bottom which have 
been cooled below the freezing-point, or, (b) the 


Fig.t. 





30 deg. F. (it may have been less at some of the 
reservoirs), but the frost was not very keen, and 
there was little difference between the maximum 
and minimum temperatures. At various dates 
between January 23 and 30 eight outlet pipes from 


| different reservoirs, situated at altitudes between 
| 400 ft. and 650 ft. above sea-level, were blocked 


with ice at depths varying from 3 ft. down to about 


| 40 ft., although there was no ice on the surface 
rare occurrence, and consequently is not generally | 
Apparently, however, under special | 


of the water. Various remedial measures were 
adopted. At one reservoir a steam boiler was 
brought into operation, and a pipe, having an air 
jacket, was led below the surface of the water down 
to the mouth of the outlet pipe, as shown in Fig. 2. 
At another reservoir, where the outlet tower was 
empty, fires were suspended under the pipes inside, 
and bags of salt lowered on to the mouth of the 
pipes outside, as shown in Fig. 3. Unfortunately 
for ascertaining the efficacy of these measures, 
although fortunately for the supply to the town, 
the wind died down shortly afterwards, the tempera- 
ture lowered, ice began to form on the surface, and 
the whole of the pipes cleared. Whether the 
successful clearing was due to the measures taken or 
to the change in the atmospherical conditions, or 
both, it was not possible to ascertain definitely. 


LONGITUDINAL SECTION OF AQUEDUCT. 
i Bank 














Datum Line 








(S063 a) 


cooling of the water in thin layers until the whole 
body of water has been transfused within itself and 
in the process has reached the freezing-point, when 
the forming of ice begins. It is difficult to find a 
theory which is supported under all conditions, but 
the motion or agitation of the water at the surface, 
which consequently prevents the formation of the 
ice there, would appear to be an essential condition. 

Ground ice has been experienced in former years 
at Greenock in the ‘‘ Cut,” an open aqueduct some 
five miles in length and situated about 500 ft. above 
sea-level. The water has a velocity of about 3 ft. 
per second, and ice sometimes forms on the bottom, 
thereby raising the surface level of the water. The 
ice occasionally rises to the surface in slabs, evidently 
when its buoyancy is sufficient to overcome the 
adhesive forces tending to hold it down. A slab 
may take up the position shown in Fig. 1, annexed, 
and remain in that position for some time if not 
forcibly released. Consequently careful watching is 
required, as the slab in the position shown is apt to 
cause a temporary local rise in the surface of the 
water, with consequent overflow. 

The following statement made in the “ Encyclo- 
pedia Britannica,” viz., “It may be formed under 
favourable conditions below briskly flowing water, 
probably by the action of eddies, which draw the 
surface water down through the warmer but denser 
liquid, and thus cool the stones and rocks at the 
bottom,” is ingenious, but the writer is inclined to 
think that the formation of ground ice in this 
aqueduct, which has a rough bottom, is due to the 
cooling of the whole mass of water and the ice first 
forming in the comparatively still water encountered 
in the lee of stones, &c. The process may be, and 
probably is, accelerated by radiation, as the portions 
of the aqueduct where the ice usually forms first are 
situated at comparatively open spaces and have low 
banks. - 

Towards the close of January this year, and, as far 
as can be ascertained, for the first time in the history 
of some of the reservoirs, the formation of “ ground 
ice ” was general throughout the Greenock Corpora- 
tion waterworks. <A strong, cold, easterly wind 
Sprang up, and the temperature fell to about 
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One of the small reservoirs, 15 ft. in depth and 
having a 22-in. diameter draw-off pipe, was emptied, 
and photographs Figs. 4 and 5, Plate XLIV, were 
taken. Fig. 4 shows the solid block of ground ice 
(about 10 ft. in diameter and 6 ft. in height) which 
formed round the screens over the outlet pipe. The 
figure is standing on the top of the screens, and the 
top water-level is clearly indicated by the mark of 
the ice on the gauge rod. Fig. 5 gives another view 
of the block and shows the remarkable formation of 
the ice. The photograph, which was taken looking 
in a westerly direction, also shows the coating of 
ice all over the bottom and sides of the reservoir. 
It is probable, if not certain, that the block of ice 
over the outlet was formed by pieces of ground ice 
which became gradually detached from the bottom 





of the reservoir and were drawn by the current of 
water down to the outlet at the screens. Before 
this reservoir was emptied no ice could be observed 
at the surface, and even when the water was down 
to near the level of the top of the block of ice the 
screens could be distinctly seen through the ice, 
which was then quite transparent, and did not turn 
white and opaque until exposed to the air. 

Fig. 6 shows the ice on one of the filters projecting 
through the water as it was being lowered. Fig. 7 
is a view of another filter with the water completely 
run off, and shows clearly the remarkable apparent 
“ growth ” of the ice. The figure is standing on the 
surface of the sand. During practically the whole 
of the period under review the sky was overcast, 
with snow threatening, and there was considerable 
wave-motion on the surfaces of all the reservoirs. 

The ice which formed in the main aqueduct, or 
* Cut,” was of a soft spongy nature, and might be 
best described as sodden snow. Frequently it rose 
to the surface in comparatively small pieces, which 
on coming into contact with the gratings of the 
draw-off became solid ice. Similar species of ice 
were observed in some of the reservoirs, while, on the 
other hand, in the reservoir which was emptied, and 
also on the filters, the ice grew up from the ground 
in thin vertical leaves somewhat similar to sheets 
of glass, and these were generally attached to stones 
like bunches of flowers. 

At Huddersfield, on January 26, considerable 
trouble with ground ice was experienced at the 
Blackmoorfoot reservoir, about 40 ft. in depth, 
and also in the clean water reserve tank, 10 ft. in 
depth. The outlets at both places became blocked 
with ice, and the services of a diver had to be 
requisitioned to help to clear that at the reservoir. 

It is worth noting that at Carleton, a district of 
St. John, New Brunswick, a sudden stoppage of the 
water supply in 1882 was attributed to anchor ice,* 
but the occurrence was evidently different from that 
experienced at Greenock recently, although some- 
what similar in its results. At Carleton, where the 
temperature of the air fell suddenly to 10 deg. F., 
the ice was about 6 in. thick on the surface of the 
reservoir, and the block (about the size of a barrel) 
which formed round the outlet was described as a 
kind of slush or minute particles of congealed water, 
evidently of a somewhat similar nature to that 
found in the “ Cut ”’ at Greenock. 

In view of the foregoing, the question as to 
whether ground ice should be taken into account 
in the design and administration of waterworks 
would appear to be well worthy of consideration, as 
although a recurrence of the conditions may not 
take place in the near future, it may occur at a 
time, and to such an extent, as to cause great 
inconvenience. 

It does not appear to be a matter which could 
very well be provided for in the design of water- 
works, at least to any great extent, but evidently it 
would be desirable to have remedial measures 
prepared beforehand. Undoubtedly the recent 
experience at Greenock gives an indication of the 
atmospherical and meteorological conditions when 
ground ice might be expected to form, and the writer 
hopes the foregoing notes may be of use to those 
engaged in the design or having charge of water- 
works in this country. 





Copper, ALUMINIUM, ZINC AND IRON WINDINGS FOR 
Dynamos.—Professor R. Richter, of Carlsruhe, has 
recently experimented on the comparative merits of 
copper, aluminium, zinc and iron wire windings for 
dynamos, with these results :—Taking copper-wire wind- 
ings as a standard, the loss of efficiency to a dynamo 
with windings of aluminium is from 1} to 2 per cent ; 
with zine wire, 3 to 6 per cent., while with iron wire this 
loss is from 8 to 12 per cent, Against this he finds that 
at pre-war prices of metal a dynamo with aluminium 
windings will be 3 per cent. cheaper than one with copper 
windings, whilst those with zinc and iron windings 
would be, respectively, 50 and 62 per cent. more expen- 
sive. He concludes by saying that this may lead to the 
more extensive use of aluminium in Germany for electro- 
motors, &c., as he expects that the production of 
aluminium could be increased to any required extent. 
What justification he has for these last remarks he does 
not say; they are probably based more on hopes than 
on actual facts. 





* “ Anchor Ice on a Water Main,” by J. B. Francis. 
Transactions of the American Society of Civil Engineers, 
1887, page 171, 








442 


ENGINEERING. 


[May 11, 1917. 








AMERICAN WOODEN SAILING SHIPS 
WITH AUXILIARY MOTORS. 


Wir the definite decision of the United States 
to enter the European war there has naturally 
been much speculation as to the direction in which 
the vast manufacturing resources of that country 
could be most rapidly and profitably employed for 
the achievement of a speedy and lasting peace. 
As the results achieved by the Germanic powers 
in the prosecution of their submarine campaign of 
ruthless destruction of all vessels at sight constitute 
a serious and growing menace to the essential 
shipping of the Entente Powers, as well as to that 
of neutrals, it is not surprising that one of the 
first acts of the United States Government should 
be directed toward countering the effects of this 











hostile submarine activity. Two main lines of | 
action are possible, and each is essential, viz., to 
combat and destroy the submarines, and to provide | 
new tonnage to replace losses. It is to the latter | 
of these that particular attention is being devoted | 
by the shipbuilders of America. The urgent | 
necessity for the building of new merchant tonnage | 
has been insisted on for a considerable time past, 
and in this country the situation is being met by the | 
construction of a large number of vessels of suitable 
size and speed and in the design and construction 


tion of wooden vessels, but bearing in mind the, 
results achieved in this country by the employment | 


of unskilled labour and women on munitions work | 


and in shipyards, the solution of the difficulty arising 
from a shortage of carpenters should present no 


| serious obstacle to the adaptable American workers. 


Standardisation of sizes of timber used will enable 
the sawmills to turn out the required material 
rapidly and economically, while the use of the 
modern power tools, such as pneumatic drills, band 
saws, &c., will be of very material assistance in the 
reduction of labour, and consequently in the time 
of construction. The provision of suitable heavy 
oil engines in sufficient quantities to meet the anti- 
cipated rate of building hulls may at first present 
some difficulties, as two engines of about 240 h.p. 
each will be required for each vessel, but the 
engineering resources of the country are such that 
this should be only a temporary difficulty. The 
provision of suitable armament is at present re- 
garded as the most effective protection for low- 
speed merchant vessels, and in this respect there is 
no reason why the wooden vessels should be inferior 
to steel vessels, as suitable stiffening for the guns 
can be equally well arranged for. It is, however, on 
efficient subdivision by means of watertight bulk- 
heads that we must rely for keeping a badly damaged 
vessel afloat, and the subdivision of wooden ships 


stocks at the yard of the Puget Sound Bridge and 
Dredging Company. There is not now in Britain 
any definite standard of construction for wooden 
vessels of the sizes now being dealt with, and com- 
parison must therefore be made with the scantlings 
and constructions of former days. Fig. 8, Plate XLV, 
shows the midships section of a vessel 268 ft. long 
between perpendiculars, 46 ft. 10 in. moulded beam, 
and 26 ft. 9 in. moulded depth, and may be taken as 
typical of the construction and scantlings to be 
worked to in the vessels now being built. Refer- 
ence to the figure will show that the construction 





is very strong throughout and particularly as regards 
| the disposition of the timber, the sizes of frames, and 
‘thickness of ceiling. In regard to each of these 
|items the scantlings are in excess of the British 
practice of former times. The filling frames are 
carried a much shorter distance up toward the bilge 
|than was formerly the case, but this is amply 
| compensated for by the increased scantling of the 
frames and thickness of ceiling. The method of 
securing together the logs comprising the keel, 
centre girder, and frames is clearly shown in Figs. 
13,14 and 15. It will be seen that the centre girder, 
which takes the place of the vertical keel and rider 
plate in a modern steel vessel, consists of eight logs 
20 in. by 20 in. and a top log or rider 20 in. by 
24 in. thoroughly bolted together and to the frames 
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of which the principle of standardisation of hulls 
and machinery has been uniformly adopted. In 
America a Shipping Board has been formed with 
the object of arranging for the building of a fleet 
of 1,000 ocean-going wooden ships fitted with sails 
and with internal combustion engines, and capable 
of undertaking general cargo carrying service. 

It is estimated that the first of these vessels, each 
one of which will be capable of carrying about 2,500 
tons of cargo, will be ready for delivery in five 
months, and that from the beginning of October 
next the output can be maintained at the rate of 
200,000 tons per month, equivalent to an output of 
between two and three ships per day. Such an 
enormous output can only be attained under the 
highest system of organisation and with an ample 
supply of material and labour guaranteed. With 
regard to the organisation of industry for rapid 
output the American nation has little to learn, 
and the fact that Colonel Goethals—the administra- 
tive constructor of the Panama Canal—is suggested 
as head of the Shipping Board should ensure the 
successful solution of the administrative problems. 
No difficulty will arise in regard to the provision of 
material for hull construction, as the yards on the 
Pacific coast are practically in the midst of the best 
timber-producing country, and transport to the 
Atlantic seaboard will easily be overtaken by the 
transcontinental railways. Labour presents a 
more difficult problem, owing to the unprecedented 
demand which will be made for men with the 
requisite training and experience in the construc- 
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to the same extent as steel ships is not practicable, 
nor has it been necessary in the past. Under 
present conditions, where the main purpose for 
which the wooden vessels are being built is the carry- 
ing of such foodstuffs as are practically certain to be 
destroyed by contact with sea water, the provision 
of extra bulkheads would seem to be a desirable 
feature in view of the possibility of only local 
damage due to gunfire or striking a mine being 
sustained. 

It has been claimed that wooden vessels will be 
less vulnerable to torpedo and shell attack than steel 
vessels of the same size, but it is difficult to discover 
a reasonable basis to support the claim. That it is 
difficult to sink a wooden ship in the light condition 
or loaded with a cargo of low specific gravity is 
obvious, but total or partial destruction of the hull 
would serve the purpose of the U-boat commander 
equally well so long as the cargo did not reach its 
destination. That torpedo attack or gunfire will 
accomplish the required degree of destruction in 
the case of the wooden vessel at least as readily as 
in the case of steel vessels does not seem open to 
reasonable doubt, and the success of the wooden 
boats must be looked for in numbers, armament 
and handiness rather than in any special virtue 
due to material of construction. 

The type, method of construction and scantlings 
of the proposed vessels are clearly shown by the 
drawings reproduced in Figs. 2 to 17, on Plate XLV, 
while the view Fig. 1, annexed, shows four vessels of 
similar type in various stages of completion on the 
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WoopeEN Surips IN PROGRESS AT THE YARD OF THE PuGET SouND BRIDGE AND DREDGING CoMPANY. 


and keel and worked in lengths of about 106 ft. The 
various lengths of timber are longitudinally con- 
nected together by the usual diagonally cut scarfed 
joints 10 ft. 8 in. long, a good shift of butts being 
provided, as shown in Fig. 2. This whole structure 
is continued throughout: the length of the vessel 
and is scarfed into and bolted to the structures com- 
prising the stem and sternpost, thus forming an 
extremely rigid “‘ backbone” for the whole of the 
hull structure and capable of withstanding the 
severe vertical and transverse stresses which are 
set up in a seaway. To those familiar with the 
construction of stems and sternposts in older 
wooden vessels, a reference to Fig. 2 will show how 
greatly the construction of these important parts 
has been simplified by the substitution of a com- 
paratively small number of practically straight 
pieces for the intricate collection of oddly shaped 
pieces known as stemson, sternson, deadwood, 
aprons, stems, gripes, chocks, lace pieces, &c., 
which formerly were grouped together to form stems 
and sternposts. 

From the midships section, Fig. 8, it will be seen 
that the frames are composed of five or six pieces, 
worked double, and vary in depth from 26} in. at 
keel to 17} in. at turn of bilge, 10 in. at deck and 
9 in. at rail. Beam knees 4 ft. 6 in. by 6 ft. deep 
and 12 in. thick connect the beams to the frames 
and form the main item of resistance to transverse 
racking stresses. These knees are of extreme 
importance in sailing vessels, owing to the fact that 
they have to resist the racking stresses set up by 
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the wind pressure on the sails and communicated to 
the deck through the mast wedging, as well as the 
transverse stresses due to rolling in a seaway, and 
in this way have to undertake the duties performed 
by bulkheads, partial bulkheads and web frames 
in steel vessels. As it is intended to fit oil engines 
driving twin screws in these vessels, provision is 
made for engine seating aft and for the accommoda- 
tion of oil storage tanks, as shown in Figs. 3 and 4. 
A donkey boiler providing steam for six cargo 
winches and a windlass is installed at the after end 
of the forecastle. Figs. 5, 6 and 7 show the 
details of the sails and rigging of the vessels as 
arranged for four and five-masted fore - and - aft 
schooners respectively. This form of rig has several 
advantages over square rig, the principal being the 
simplification of masts and spars, lesser amount of 
standing and running rigging required, and greater 
ease in the handling—the latter being an important 
advantage in view of the fact that a smaller crew 
can be carried. Figs. 9 and 10 show an athwartship 
and fore-and-aft elevation, and Figs. 11 and 12 sec- 
tions of the mast partners and wedging respectively. 

It will be seen that the wooden vessels are of a 
strong and useful type, and if produced in sufficient 
numbers and at the rate anticipated should do much 
to ease the situation created by recent losses. As 
elaborate machinery is not essential to the building 
of these vessels it should be possible for a very large 
number of shipbuilding firms to undertake their 
construction, and as delay owing to lack of raw 
material is hardly likely to occur there should be 
every prospect of rapid and sustained output. If 
in addition to this the Control Board insists that the 
yards building these wooden vessels shall undertake 
no other work, and appoints only thoroughly com- 
petent overseers, with wide discretionary powers 
for the immediate settlement of such constructional 
points as must inevitably occur during building, 
the problem of output will be rendered compara- 
tively simple. That the success of the scheme 
depends almost entirely on the maintenance of a 
high rate of construction is at once apparent from 
a glance at the probabilities behind the most 
recently published official tables giving the losses 
of British merchant vessels for two consecutive 
weeks. The loss in tonnage for each of these weeks, 
even when there is added to it the losses in the 
corresponding period by the other belligerent and 
neutral nations, gives confidence in believing that 
the estimated rate of completion of new tonnage 
represented by the wooden ships—about 50,000 tons 
per week—will go some way, along with the pro- 
duction of steel ships, to rectify the balance. 
The earnestness with which the problem is 
being tackled gives ground for the belief that the 
wooden vessels will yet play a most important 
part in the war of starvation now being waged, 
and their advent will certainly add one more 
to the already long list of instances which the 
war has furnished in which the appliances and 
methods of years and centuries gone by have been 
revived and used alongside of the latest and greatest 
productions of modern engineering science and 
industry. 





THE IRON AND STEEL INSTITUTE. 

In our last issue we reported the preliminary 
proceedings at the meeting of the Iron and Steel 
Institute held on Thursday, May 3, including certain 
alterations in the by-laws and the presentation of 
the Bessemer Medal. 


REFRACTORIES. 


Three papers were down for reading, but the 
interest aroused by Mr. Cosmo Johns’ paper on 
the * Properties of the Refractory Materials used 
in the Iron and Steel Industry ” so prolonged the 
discussion that the reading of the other two papers 
had to be postponed. In our last issue Mr. Cosmo 
Johns’ paper was published in full, but some 
additional observations were made by the author 
before the discussion was commenced. He drew 
attention to the high resistance of bricks consisting 
of 3 per cent. of lime mixed with sand. These were 
moulded under pressure and were boiled, not baked. 
He had used these in comparison with standard 
silica bricks in furnaces producing alloy steels. Many 
had asserted that these lime bricks were useless, 





tumbling to pieces when heated. This happened 
solely because the bricks were heated too rapidly, 
allowing insufficient time for the formation of the 
silicate of lime. They must, in fact, be dehydrated 
very slowly. Taking this precaution, he had found 
that after four weeks the lime bricks stood out 
4 in. beyond the standard bricks. Commenting on 
the schedule of refractory requirements appended to 
his paper, the author observed that the endurance 
of nozzles was largely a question of the composition 
of the steel and the conditions of pouring. In 
certain cases carbon nozzles had proved very satis- 
factory. 

The discussion was opened by Sir Robert Hadfield, 
who said that the paper was of unusual value, 
embodying many suggestions as to matters to which 
due attention had not been paid in the past. How 
far makers of refractories were to be blamed for 
recent troubles it was difficult to say. The intensi- 
fied rate of production for war purposes was such 
as to show up weaknesses previously unsuspected, 
and he would therefore say nothing against firebrick 
manufacturers. Nevertheless his firm had found 
that many makers were unable to give analyses 
of their products. Of course the endurance of 
refractories was not solely a matter of chemical 
composition, but, admitting this, it was disappointing 
to find so many makers who thought they could get 
along without help from constant analytical checks. 
Similarly he had found makers with no means of 
determining firing temperatures. The best results 
could not be expected under such conditions. In 
fact it was the positive duty of pyrometer makers 
to call on every firebrick manufacturer in the 
kingdom and insist on his purchase of a pyro- 
meter. The council of the Faraday Society, being 
of opinion that insufficient attention had been paid 
here to the study of refractories, arranged for a 
symposium on the subject, which was held last 
November. At the outset they had thought that 
they would get at most two or three papers sub- 
mitted to an audience of, say, 30 members. Actually 
however, it turned out that the subject was one of 
national importance, and they received nearly two 
dozen papers, and about 300 were present at the 
meeting. He suggested that it would be well if the 
Iron and Steel Institute circulated amongst its 
members the report of this symposium, which had 
led to the establishment of the Institute’s committee. 
He hoped, however, that matters would go further, 
and that the Institute would agree to give financial 
support to the investigations in view. At Stoke 
Dr. Mellor had done magnificent work for the 
Ceramic Society, before which a large number of 
important papers had been read. He wished the 
Institute would collaborate with the Ceramic 
Society and support the researches inaugurated by it. 

Professor William Bone, who spoke next, agreed 
as to the great importance of the subject at this 
juncture, and to none was this importance greater 
than to the Iron and Steel Institute, which was, 
moreover, particularly well fitted for working out 
the problems involved. In England we had not 
given nearly as much attention to research on 
refractories as we ought to have done. Some ten 
years ago he had been much struck with the atten- 
tion paid to the investigation of materials used for 
coke ovens in Westphalia. He could not help 
comparing the character and extent of the re- 
searches there in progress with the absence in this 
country of anything equivalent thereto. He had 
often felt that the work there being done showed 
a prescience which we might well have emulated. 
Similarly, when he visited America some two or 
three years later he saw what extensive researches 
on refractories were there in progress. Indeed, in 
connection with the special process of combustion 
in which he was interested, he had received much 
more help from American investigations than from 
almost any other quarter. He realised that the 
possibilities of the process in question might be 
limited by the problem of finding suitable refrac- 
tories, and had formed the conviction that the 
subject provided one of the most important fields 
of research still to be taken up. Amongst the few 
good things brought about by the war the recogni- 
tion of the importance of this problem was one 
of those with the greatest potentialities. At the 
Imperial College Mr. Hancock had undertaken a 


research on coke-oven linings and firebrick. This 
was being pushed on as fast as their resources in 
materials, equipment and men would allow. The 
enormous variety of the problems involved was 
such as to be beyond the powers of any single 
institution or man to cope with. The aid of all 
competent workers and of all well-equipped labora- 
tories must be enlisted and organised. He hoped 
that any committee formed would ascertain what 
the present facilities for such researches were and 
who were qualified to undertake the work. A 
considerable expenditure must be faced, and in 
view of the fact that the iron and steel trade was 
valued at 100,000,000/. per annum, he held that 
provision for the proposed investigations. should 
be largely derived from these industries. He would 
plead with large manufacturers who used these 
materials daily, and whose success in the future 
would depend largely on the advances made, to give 
liberal financial support. He would further suggest 
that in forming committees the workers must not 
be left out. He was not in love with research 
committees, though they were useful to establish 
co-ordination and co-operation, but they were 
seldom fruitful in original ideas. They should 
therefore be fairly large, and include in their organisa- 
tion the workers themselves, stimulating them by 
arranging for informal and unreported discussions 
in which ideas might be exchanged. Some of the 
problems were hardly yet in a position to be taken 
up. The only criticism he would make of Mr. 
Cosmo Johns’ paper was the suggestion that the 
thermal conductivity of refractories could be easily 
measured. He did not think that it would be at 
all easy. Some years ago he had to try to deter- 
mine the rise in the thermal conductivity of certain 
refractories as the temperature rose from 500 deg. 
to 900 deg. C. Although he had a well-equipped 
laboratory, he had found the investigation un- 
usually difficult in spite of the relatively low 
maximum temperature attained. He thought, 
therefore, that at temperatures of over 1,000 deg. C. 
the measurement would be one of extraordinary 
experimental difficulty. Indeed, it would. be well 
not to assume that any of their problems were 
going to be easy. The whole of our available skill 
would be required, and many researches would, 
moreover, take a long time to complete. He 
observed that the gas industry had appointed a 
committee to improve and standardise the quality 
of retorts. The result had been very satisfactory, 
and he suggested that work on similar lines might 
prove advantageous to the steel industry. 

Mr. Dennehy said that as a manufacturer he 
would welcome a closer connection with the steel 
makers, but he thought that he might say without 
unfairness that when a firebrick maker tried to 
introduce something new and better he met with 
remarkably little support from the steel men. 

Professor Arnold said that the author had excep- 
tional qualifications for the task he had undertaken 
in preparing his paper. He was at once a geologist 
and head metallurgist of the Siemens department 
of Vickers’ works at Sheffield. The speaker’s own 
researches on refractories, made some twelve years 
ago, had led to far from pleasant consequences. 
When he was erecting a 24-ton Siemens furnace 
at the college he was advised not to use Yorkshire 
silica bricks, which were asserted to be “ not in it’”’ 
when compared with German makes. To test the 
matter two square feet of the furnace were lined 
with the latter, and after but 10 heats their 
superiority was most manifest, as they stood out 
fully two inches beyond the surface lined with the 
Yorkshire bricks. He had sent for the maker of the 
latter and had had a very hot hour with him. He 
gave him full data, including the analyses of the 
German bricks, which contained only 92 per cent. 
of silica. At this his conferee declared that he 
would be ashamed to put such stuff on the market. 
The speaker had then asked what was the use of 
a remark of that kind in view of the actual results. 
The matter was taken up by the press and he was 
severely attacked, but he told the local makers 
squarely that until they could supply goods of equal 
quality every one of his furnaces would be lined 
with the German bricks. For 18 months this was 
done, and then two British makers challenged a 





comparative test. The speaker accordingly lined 
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his Siemens furnace for one-third of its area with 
the German bricks and the remainder with the 
products of the challengers. The test was a very 
severe one, and all three gave equal results. He 
had pointed out at the time that chemical com- 
position was not decisive of quality. The grading 
of the German bricks was different from the inferior 
local brick, and from a chemical standpoint it was 
extremely impure. It was, however, far finer in 
texture, and hence, though chemically inferior, it was 
infinitely superior in the furnace. So far as research 
on refractories went he could say that at Sheffield 
they had not been asleep. They had a big scheme 
in hand which would cost 30,0001. for equipment, 
of which half had been raised locally and the 
remainder provided by the Treasury, and there 
would be an annual expenditure on the work of 
3,0007. In this connection he might add that 
having mentioned to Sir Robert Hadfield that they 
were still 2,000/. short of their half-share of equip- 
ment cost, he received from him next morning a 
cheque for the balance needed. In this scheme of 
research the study of refractories would form one 
of the main features. In conclusion he would like 
to add a word of caution with reference to the 
nonsense about refractories published in text-books. 
At time, he was amused at this and at others angry. 
Quite recently he had found in one the statement 
that silica melted at under 1500 deg. C. If this 
were so, how would it be possible to tap steel at over 
1600 deg. C. through silica gates. No doubt 
silica would soften at 1,450 deg., but the statement 
that this was its melting temperature showed the 
ignorance of the author. 

Mr. Ridge said that he could state from experience 
that our clays were not inferior to the German, but 
they were not used to the best advantage. The 
Germans treated even their best clay scientifically, 
and were at the same time able to get good products 
from inferior clays. Scherin had found that it was 
easy to eliminate ordinary impurities from raw 
clays and on a commercial scale. Just before the 
outbreak of the war steps were, in fact, being taken 
to establish the process in this country, and he 
thought that the foundation laid by Scherin should 
be followed up. In particular, alkalies could be 
eliminated almost entirely, a point of great import- 
ance in view of their fluxing effects. At Briesen, 
in Austria, there was a deposit of a very remarkable 
clay. In itself it was not very plastic, but added 
to the extent of 5 per cent. or 10 per cent. to fire- 
clays the effect on the quality of the refractories 
and firebricks made was remarkable. It was used 
for coke ovens, retort linings and similar purposes, 
generally in the proportion of 10 per cent. It 
contains some 38 per cent. of alumina, and could not, 
therefore, be adopted for silica bricks, but added to 
fireclay bricks, it greatly increased their resistance to 
softening and to the action of molten metals and 
slags. Bohemian kaolin was also used extensively 
in the best German firebrick works. In the pure 
state it would withstand temperatures up to Seger 
cone No. 36, and its addition had gone far to improve 
the quality of the firebricks made. Much attention 
had been paid in Germany to determining the 
amount of “‘ grog’ that could enter into the com- 
position, and also the best size of the particles. 
Germany had within its own boundaries quite an 
insufficient supply of good “ grog” which would not 
shrink in the furnace, and had therefore to import 
shale from Scandinavia. He had found that this 
imported shale went as far from the seaboard as the 
middle Rhine, and was also used in Silesia, although 
it had in that case to be carried some 80 miles by 
rail. As for our own firebricks, he had found great 
difficulty in obtaining a continuous supply of 
properly burnt products. Recently, where a number 
of new furnaces were being erected he had examined 
one not long started-up and found serious shrinkage. 
He next examined the bricks that were to be used 
for additional furnaces, and of these a large per- 
centage (all from well-known makers) proved to be 
very imperfectly burnt, and were therefore certain 
to shrink in the furnace. This difficulty could be 
overcome by careful supervision. The user must, 
however, also exercise care. It was not reasonable 
treatment to carry firebricks in open railway trucks, 
or to store them in the open after delivery, and then 
heat them up quickly in the furnace. German 








makers were prepared to specify the analysis of 
their bricks, stating upper and lower limits for the 
different constituents, and also to quote the Seger 
cone number at which they would begin to soften. 
If our own makers would act similarly it would be 
a great benefit to the metal industries. For this to 
be practicable, however, a replica of the Charlotten- 
burg testing plant would be necessary. He had not 
been able to find anywhere in this country a place 
where even a single brick could be tested. At the 
most he was told at one meeting that pieces 3 in. 
in diameter by 2 in. long could be dealt with. There 
was a difficulty in providing such specimens, and the 
results recorded were not always the same as with 
a whole brick. It would be of great value if the 
Institute could arrange for a testing plant where 
even single bricks could be dealt with. The author 
had noted that in some cases the insulating properties 
of bricks were important and in other cases their 
conductivity. In practice we had to use the same 
brick for both purposes. With retorts his experience 
had been that the results depended less on the 
materials used than on the way in which they were 
treated in the process of manufacture. Hand-made 
retorts were more porous than hydraulically-pressed 
ones which, in consequence, resisted better the 
action of gases, slags and mattes. Thus resistance to 
corrosion or erosion might be enhanced by greater 
care in manufacture, without alteration of the 
materials used. 

Professor Arnold, speaking again, said in reply to 
Mr. Ridge that whole bricks could be tested at 
Sheffield, in either their 2}-ton Siemens furnace, 
where temperatures of 1750 deg. were reached, or 
in their crucible furnace, giving temperatures up 
to 1650 deg. C. 

Mr. Saniter, who followed, said that he was im- 
pressed most with the need of co-operation with 
other societies. He did not know all the names in the 
the Institute’s committee, but did not notice any 
firebrick makers, whom it was essential to draw 
into the matter. As to the author’s schedule, he 
noticed that magnesite was put down as used for 
electric furnaces. Of course it was also used for 
basic Siemens furnaces. The magnesia bricks 
made in this country were very inferior. His own 
experience was that an iron bond gave the best 
results. Bricks containing 7 per cent. to 8 per cent. 
of this bond were much more satisfactory than the 
bricks usually supplied, and did not deteriorate 
nearly so rapidly. A high percentage of magnesia 
was unnecessary,, better results being obtained 
with less magnesia, and a better bond. The 
question of spalling under changes of tempera- 
ture was being studied by Dr. Mellor. He might 
add that the sands used for the bottoms of open- 
hearth furnaces were now all English, and stood 
better than the Belgian previously used. This 
arose from a failure” to “let down” the Belgian 
sand sufficiently before use. There was no diffi- 
culty in making dolomite bricks, but they would 
not keep for more than six weeks, after which they 
began to collapse again. In fact tarred dolomite 
bricks, agglomerated by pressure, must be used 
immediately. There was some deterioration in 
the silica bricks now available, but on the whole 
manufacturers had done well. The question as to 
how much lime should be used required investiga- 
tion. He had found that sand bricks agglomerated 
with 4 per cent. of lime stood up well, and ganister 
jointings having 92 per cent. of silica bonded with 
lime wore away evenly with the brick linings in 
spite of the large percentage of flux. 

Professor Thomas Turner said that on the Con- 
tinent and in America the study of refractories had 
been developed much more than here, but present 
necessities had excited a wave of interest, which he 
trusted would not be prove to be merely temporary. 
A lot of pioneering work would be n . The 
question should be attacked both from the research 
end and the manufacturers’ end. The former would 
require the collaboration of them all. Many of 
the investigations would take a long time and re- 
quire accurate apparatus, and we had institutions 
at our colleges and universities at which this work 
could be done. More, however, was required. 
The ordinary manufacturer was simply appalled 
when he heard of the kinds of test to which his 
materials were to be subjected. In his own district 





there were about 100 makers of refractories. Of 
these at least one-half had no system of testing 
whatever. Throughout the country generally there 
was in use no system of expressing the qualities 
of materials quantitatively. They were classed 
merely as good or bad—refractory or fusible. In 
steel-making simple tests, requiring, say, half an 
hour to complete, had been introduced, by which the 
quality of the product was checked in the making. 
Similar simple tests, capable of application by the 
unskilled, and not taking more than a day to com- 
plete, were needed for refractories. A number were, 
in fact, available for such properties as porosity, 
plasticity, shrinkage and tenacity, whilst the Seger 
cone would give the softening point. It should 
not be difficult for small manufacturers to obtain 
young men from college, at moderate pay, who 
would be capable of conducting such tests. By 
thus starting on a small scale with simple tests, a 
proper laboratory might ultimately be built up, 
whilst the suggestion of employing at the outset a 
highly skilled man with an expensive laboratory 
would have no success. So many of the firms were 
working on so small a scale that science must be 
introduced into them from the bottom. It would 
be absurd for such firms to have their own chemist, 
and analyses should be put out, but other tests 
should be made day in and day out and used to 
control the product. 

Dr. Walter Rosenhain said that he thought it 
only fair to say a word on behalf of the National 
Physical Laboratory. Mr. Ridge had stated that 
in this country there were no establishments at 
which a whole brick could be melted. The speaker 
did not, consider this necessary. For whole bricks 
the kind of test to which Professor Arnold had 
referred, in which one face was exposed to the 
heat, was sounder. At the National Physical 
Laboratory they were making tests as to the tem- 
peratures at which collapse took place at different 
pressures, and of the pressures which would cause 
collapse at different temperatures. It was true 
that the specimen had to be cut from the bricks, 
but this was not a serious matter. At Teddington, 
moreover, much was being done on the vital work 
of testing and standardising pyrometers. Tests on 
refractories were also in progress, though they were 
hampered by an insufficiency of equipment, which 
they hoped to make good shortly. The special 

up of refractories in the author’s schedule was 
that which appealed most to the speaker. It was 
quite true that they were not yet in use on a large 
scale, but he would enter a strong plea that 
their efforts should not be limited to “ estab- 
lished *” materials, but regard had to the future. 
History showed a steady progress towards higher 
and higher temperatures. Electric smelting, for 
instance, involved the use of temperatures much 
higher than had previously been used in practice. 
The whole secret of progress might possibly lie in 
the securing of better refractories, capable of with- 
standing higher temperatures. 

Mr. Hancock, who spoke next, expressed his — 
gratification that refractories were now receiving 
the attention they deserved. He thought, in 
common justice to workers in this extensive field, 
that it should be stated that the study did not date 
from August, 1914. Much had been done years 
ago in Germany and in the United States. In this 
country the idea had prevailed that quality was 
settled solely by chemical analysis, but experience 
had demonstrated the fallacy of this view, and 
showed that it was the physical properties which 
determined the value in actual practice. Much 
work on English clays was embodied in the records 
of the Geological Society, and the work of Harker 
at Teddington and of Mellor at Stoke should be 
borne in mind. He was himself studying at Pro- 
fessor Bone’s laboratory the texture of refractories 
for coke ovens. It was perfectly easy to get the 
texture of the raw and unfired materials, but what 
was wanted was a knowledge of the structure when 
ready for use. No method of disintegration was 
possible, as it destroyed the structure. The only 
plan admissible was to examine thin sections, as 
in petrography, or polished surfaces, as in metallurgy. 
The importance of texture was very great, a5 
it influenced the resistance to chemical action 
and temperature as well as the porosity and 
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permeability of the material. Another matter was 
the resistance to abrasion. One specification pro- 
posed to test this in a kind of ball mill, but in such 
a test the resistance measured would be that to a 
series of impacts and not to abrasion. At the 
Imperial College they had adopted the plan of 
working one plate of the material to and fro over 
another. The test could be carried out inside the 
furnace itself. The experiments were not yet 
sufficiently complete to afford a safe basis for 
general conclusions, but they indicated that the 
abrasion was less the finer the grain and the lower 
the temperature. He fully agreed with Dr. Bone 
as to the difficulty of measuring conductivities at 
working temperatures. As instancing the necessity 
of co-ordination and co-operation, he mentioned 
that the examination at the Imperial College of 
Science of 25 test pieces for porosity and shrinkage, 
as affected by the proportion of “grog” to clay, 
had already involved 2,500 observations. 

In replying to the discussion Mr. Cosmo Johns 
said that he had particularly wished for a discussion 
of his schedule. As matters stood he would have 
to send it out as it was. A large number of those 
present had had failures, and he wished they would 
let him have particulars of these. 

Members again assembled on Friday, the 4th 
instant, at 10 o’clock, the president, Sir William 
Beardmore, occupying the chair. 


CARNEGIE RESEARCH Funp AWARDS. 


The awards made by the council from the above 
fund were announced to be the following :— 

W. C. Hancock, 50I., to enable him to continue his 
investigations on refractory materials, with special 
reference to the manufacture of coke-oven bricks. 
(Mr. Hancock received 1007. in 1916 to assist him 
in carrying out the research.) J. L. Haughton and 
D. Hanson, 100/., to enable them to continue their 
joint research on iron-phosphorus and iron-carbon- 
phosphorus steels. (Applicants received 1001. in 
1916 in aid of the research.) J. E. Hurst, 100/. for 
an investigation on the wearing and the micro- 
structure of worn cast-iron specimens. J. H. 
Whiteley and A. F. Hallimond, 100/. for a joint 
research on the chemical detection of strain in 
iron and steel. 


Street Incot DeErercts. 


The first paper taken was one bearing the above 
title, by Mr. J. N. Kilby, of Sheffield. This paper 
we published in full in our last issue. Subsequent 
to the reading of the paper Mr. Kilby exhibited the 
Batty nozzle, which we illustrate in Figs. 1, 2 and 3, 
annexed. This was, he said, bolted to the bottom 
of the ladle. As shown, there are two nozzles in 
series : the lower one can be replaced during pouring, 
the operation requiring only a few seconds. The first 
nozzle may be of any size, up, say, to 2 in. With 
this arrangement the pouring time of a heat of 
top-poured 15-cwt. ingots, which would ordinarily 
occupy only about 20 to 40 seconds, had been 
extended to about two minutes. The first, or 
ordinary, nozzle would have a 14-in. or 1}-in. orifice, 
while the one below would have an opening of } in. 
or } in. It was secured in place by a cotter, and, 
when desired, this cotter could be knocked out, 
the lower nozzle then coming away clear of the 
upper one. The operation involved no danger. 

Mr. J. E. Fletcher opened the discussion and 
referred to the charts shown in Figs. 5 to 8 of the 
author’s paper (see page 437 of our last issue). In 
the light of modern knowledge of slags these charts 
afforded much information, and might, he thought, 
be modified to show the increase of silicon as the 
steel-refining operation proceeded. The slag question 
was, of course, of great importance in connection 
also with puddling. The addition of lime to slag, 
while giving an opportunity for reducing the FeO 
in the slag, added to the percentage of silica present 
in the latter. Generally the temperature of forma- 
tion of slag in the acid open-hearth process was in 
the neighbourhood of 1100 deg. C., in which case the 
slag ‘corresponded roughly to the compound 
RO, 2Si0,, which corresponded to the lowest point 
of the equilibrium diagram. On the one side of this 
point the character of the slags approached that 
formed in the puddling process, with a high per- 
centage of FeO and lower percentage of SiO, 
On the other side, with increasing silicon percentages, 


there would be a rise of the softening temperature, 
until the point reached by the author’s method, 
yielding a slag almost exactly corresponding to 
the composition 2RO, SiO,, consisting of oxide of 
manganese and lime, along with the slag. In the 
acid Siemens furnace, with increase of temperature 
in the presence of excess silica there would be a 
gradual approach to the equilibrium point, which 
appeared to have been reached in all the cases sub- 
mitted by the author. This appeared to have a 
great deal to do with the “killing” of steel, and 
with the elimination of the slag particles in the steel 
itself. When there was an excess of silica, in the 







Fig.t. 





SS 
J 























(1 





























(5107) 

form of slag, higher temperatures could be obtained, 
which resulted in a quiet steel. Fig. 9 in the 
paper, showing the effect of erosion on the sides of 
the bath, also bore on the point, as if, in the presence 
of an excess of silica, the slag could only get that 
excess silica from the sides of the bath, then the 
usual erosion troubles ensued. In connection with 
time of teeming the Germans had for years paid 
greater attention to this matter and had a better 
knowledge of it than our own steel makers. 

Dr. W. H. Hatfield, referring to the question of 
the slag, desired to point out that in 1902-4 he 
and Professor McWilliam had published two papers 
treating of the action of slag upon steel, the com- 
position of both slag and steel being stated. These 
papers brought out the fact, since repeatedly con- 
firmed, that assuming the slag in the acid Siemens 
process to consist of silicates of iron, a position of 
equilibrium was approached as the carbon reduced 








the iron and sent up the silica content in the slag ; 
the percentage of silica in the slag rose to such a 
point that the silica split up and the silicon returned 
to the steel. He thought the author’s results in 
relation to the addition of lime would be more 
valuable if data could be given of the actual chemical 
reactions between the slag and the steel; a lot of 
limestone added to slag should move the percentage 
point at which the silicon would return to the steel. 
The author contended that in ordinary carbon steels 
the finely-divided or emulsified solution of slag was 
as little desired as in the case of special steels, 
although not so liable to influence the ordinary 
physical tests. Dr. Hatfield urged that the dis- 
advantage of slag inclusions was equal in both 
carbon and alloy steels. In connection with the 
set of figures showing the effect of various speeds 
of teeming upon cracking, it would be useful if 
Mr. Kilby could sketch out the configuration of the 
ingot and the nature of the defects, namely, the 
direction of the cracks; and, should these have 
varied in their relation to the shape of the ingot, 
an indication of the variation would be also useful. 
Dr. Hatfield would substitute “included” for the 
word “ occluded,” used by the author. 

Mr. A. H. Saniter was interested in the Batty 
type of nozzle to which Mr. Kilby had referred, 
and hoped more would be heard of it. He was 
surprised, after Mr. Kilby’s strictures, to observe 
in the paper an illustration of a casting with the 
big end down. Referring to Mr. Fletcher’s remarks, 
he would urge that not all defects in ingots were 
due to casting; injuries might quite well be done 
to an ingot by the forge people when heating it up ; 
indeed, it was quite easy to crack or burn an ingot 
in that way. 

Mr. C. H. Ridsdale remarked that as soon as lime 
was added to a charge, oxide of manganese and 
oxide of iron were thrown out from the slag into 
the metal, a fact abundantly corroborated in pro- 
cesses other than that of the acid open-hearth. 
This effect was particularly noticeable in the case 
of manganese, and was equivalent to adding man- 
ganese to the metal. As to pyrometry, in which 
great advances had been made, it was desirable 
that practice should be cut and dried, within 
narrow limits; nevertheless the difficulties of 
application seemed almost insuperable; and a 
charge in the ladle must be cast, be the temperature 
right or wrong. The phrase “ best casting tem- 
perature’ was easier to use than to define. No 
doubt for a given steel there was a best casting 
temperature from the steel point of view, but that 
did not necessarily agree with the best casting 
temperature according to shop conditions. Other 
considerations, such as the size of the ingot, type of 
nozzle, and the personal element, influenced teeming. 

Mr. E. Adamson regarded the compositions of 
the slags as indications of temperature, and the 
temperature of the slag did not necessarily mean that 
that temperature was the same as that of the metal. 
A greater correlation between the composition of 
the slags and temperatures was needed. His experi- 
ence with molten steel convinced him that the 
temperature of the steel, more than anything else, 
affected the mechanical condition of the material 
afterwards. He did not think matters would 
advance much until it was practicable to measure 
the temperature of the molten metal, both in the 
furnace and ladle, by means of pyrometers. 

Mr. W. J. Foster, speaking as a blast-furnace 
manager, was interested in the casting temperature 
question. He thought too much stress had been laid, 
in the course of discussion, upon the relation of 
cracks in ingots to the fluxing material. Experi- 
ments with cast-iron, which he had conducted 
during the past two years or more, with a view to 
using it for shells, had shown him that in order to 
obtain a casting with low total carbon, solid, and 
free from cracks, he had to get a large chill ee 

arding 8 of pouring and temperature of t 
metal) ; Tayo abe ae he made his chill heavier 
in proportion to the amount of metal dealt with, 
cooling down quickly. He was confident, therefore, 
that if the moulds were made heavier in proportion 
to the amount of steel, sounder castings would 
result. The question seemed rather a physical than 
a chemical one. 

Mr. T. M. Service thought it possibie so to control 
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the temperature of the charge in the furnace that 
the casting temperature should be correct. He 
wondered, in view of the trouble with inclusions, 
why no attempt was made to take the temperature 
of the steel at the point where inclusions would 
occur. He felt that more correct results would be 
achieved by judging and controlling the temperature 
of the steel in the furnace. 

Dr. C. H. Desch considered that a thorough 
investigation of the open-hearth slags was a piece 
of scientific work urgently needed. After touching 
on Dr. Hatfield’s remarks as to the chemical com- 
position of the slag, the speaker observed that other 
properties of the slag were of importance in addition 
to its chemical composition. The rate at which the 
slag could eliminate itself from the bath depended 
only indirectly on the chemical composition, but 
directly on the physical properties, such as viscosity, 
surface tension and specific gravity. Adding lime 
to a slag, in such a way as to replace ferrous oxide 
by lime, reduced the specific gravity, and to that 
extent should favour elimination. But as to the 
effect of the lime on the surface tension much less 
was known. The speaker was uncertain whether 
Mr. Kilby assumed that oxide of iron dissolved in 
the steel bath, and so acted upon the furnace bottom. 
He believed, however, that the work done all went 
to show the practical insolubility of oxide of iron 
in molten iron or steel; any oxide then would be 
in a state of mechanical suspension. But oxide of 
iron or magnetite was highly soluble in a molten 
ferro-silicate, and therefore the ferro-silicate, taking 
up more oxygen, might form a highly oxidising 
liquid material, which would be dispersed throughout 
the bath. Elimination was dependent more on the 
physical than chemical composition; it was a 
colloid problem, there being a colloid suspension in 
the steel of globules of oxide in a silicate solution. 
Mr. Kilby had suggested that slag inclusions were 
not of so much importance in the case of ordinary 
carbon steel; on this point the speaker, having 
lately examined a large number of fractures of 
small machine parts, had come to the conclusion that 
slag inclusions, however minute, were always bad. 
Fractures in small machine parts were in most cases 
traceable to the presence of slag particles. 

Dr. F. Rogers suggested, in relation to the con- 
dition of the bath, that the four principal matters 
for consideration were: (1) The temperature, 
(2) the percentage of oxygen present—essentially 
different in the slag and in the metal, (3) the com- 
position of the metal at the moment and of the slag 
at the moment, and (4) the chemical composition 
of the slag, apart from what might be definitely 
produced by the first three conditions—in particular 
as affected by any addition of old slag and any 
material coming from the charge, such as scale, 
sand, and soon. With regard to temperature, there 
were many little practical details, familiar to any 
efficient furnace manager, which indicated the 
temperature of the bath sufficiently for working 
purposes and enabled the melting of a charge to be 
carried out properly. He had found pyrometers 
ineffective, although he had himself endeavoured to 
invent one which should be suitable. He, however, 
did not consider that there was any excuse for 
having a difference of temperature between the slag 
and the metal in the acid Siemens furnace. It was 
easy to put in a charge and churn it up; if the 
action was tolerably good there would practically be 
uniformity. With all the charge in a molten state 
the rate of diffusion would, in the natural course 
of things, be very rapid, and that alone should keep 
the greater part of the metalat the same temperature, 
within a few degrees, as the slag. As to the con- 
dition of the bath, he rathe: opposed the addition of 
old slag to the charge, although this was dependent 
on actual conditions, such as variability of the 
materials used. Generally speaking, he objected 
also to the use of lime with the charge. If lime 
were not required all the way, after the charge had 
been boiled down with ore, he would add the lime 
a considerable time after the addition of ore had 
been stopped. Adding lime freed the iron oxide 
to react with the carbon in the bath. The total 
iron oxide in the whole system was then less, a point 
overlooked by everyone dealing with the subject. 
The total iron oxide in the furnace was minimised 
after the lime had dissolved in the slag. With 


regard to temperature, the iron oxide was also 
minimised in the whole system by increase of 
temperature. This might sound paradoxical, because 
an opposite action was going on, since the rise of 
temperature promoted oxidation of the slag. Yet 
from the equilibrium standpoint the net result was a 
decrease in the FeO. There was only one other 
point to which he wished to refer, viz., inclusions 
in ingots. His experience showed that the great 
majority of such inclusions could be traced to fluxed 
bricks, the fluxed runner brick being the chief 
sinner. It must be remembered that the runner 
brick was porous. As the air became heated and the 
brick got hot, there was a cushion of hot air in 
intimate contact with the steel flowing through it, 
accompanied with physical and mechanical diffi- 
culties in connection with the latter, and resultant 
formation of oxide of iron. 

Mr. J. N. Kilby then briefly replied, reserving for 
a written communication his answers to many of 
the questions raised. Some of the remarks made 
in the paper certainly appeared to be analogous to 
observations made in the two papers by Dr. Hat- 
field, to which the latter had referred. The point 
on which he desired to lay emphasis had apparently 
been missed. It was this, that slag in the acid 
open hearth was rarely shown to contain more than 
50 per cent. to 53 or 54 per cent. of silica, and in 
his paper he had pointed out that the addition of 
lime gave a high percentage of silica, a fact not 
dealt with in any text-book or paper that he had 
seen. The speaker did not claim originality in 
respect of any particular point, although in the 
course of many years’ experience it was generally 
possible for workers to suggest improvements in 
main ideas. Of course pioneer work on the ingot 
had been carried on for a long time before it was 
discussed ; he believed, for instance, that the central- 
run mould had been in use some twelve years, the 
only novelty about it being the bringing of it for- 
ward. He had not stated that any relationship 
existed between chemical composition and cracks 
in ingots, but merely that casting influenced the 
cracking. He agreed that the use of a thin mould 
rendered cracking more likely than a proportionately 
thick mould. Dr. Rogers considered the addition 
of lime in the early stages of the melting process as 
a disadvantage, preferring to add lime later. But 
if, as he (the speaker) had stated, the adding of lime 
was an advantage at the later stages, when the con- 
ditions were better, it was surely an advantage to 
add lime from beginning to end. He might say 
that the addition of old slag was a compromise to 
meet working conditions, which could not be chosen 
at will. With reference to slag particles and the 
effect of limestone, the speaker referred to work he 
had done in connection with the manufacture of 
special steels for high-quality wire, work which gave 
good grounds for his opinion of the effect of lime- 
stone on the steel. Dr. Desch had mentioned the 
specific gravity and viscosity of the slag. As a 
matter of fact, in a slag containing a high percentage 
of lime, which, as he had said, was apparently more 
mobile, the elimination of carbon was not so great 
or erratic as in the case of a slag which was lower 
in silica but poured thicker. The latter was not 
reliable, and did not give a true indication of the 
condition of the bath; a slag with 50 per cent. of 
silica might apparently be thicker than one with 
60 per cent. of silica where the lime condition 
varied. 

QUENCHING EXPERIMENTS. 

Two papers, one entitled “Notes on Some 
Quenching Experiments,” by Mr. Lawford H. Fry, 
of Burnham, Pa., U.S.A., and the other “The 
Penetration of the Hardening Effect in Chromium 
and Copper Steels,” by Mr. L. Grenet, of Firminy, 
were next read by the secretary, and were discussed 
together. In Mr. Fry's paper the results of an 
extensive research into the effect of form and rate of 
cooling on the heat treatment of steels was recorded. 
The resultant physical properties were determined, 
the author stated, not by the rate at which heat 
was lost per unit of surface, but by the rate at which 
it was lost per unit of weight. Hence, in discussing 
the heat treatment of steel, it was necessary to 
define not only the cooling medium, but the size of 
the piece cooled. “‘ Water quenching” and “air 





cooling” are accordingly very indefinite terms, the 


essential factor being the rate at which fell the 
temperature of the body under treatment. Mr. 
Grenet’s paper was in the main the report of an 
investigation made to determine how far copper 
could replace nickel in chromium steels. The 
author notes that the rate of cooling necessary to 
secure the hardening of special steels is lower than 
is required with ordinary carbon steels, and his 
experiments consisted in the main in making Brinell 
hardness tests of the surfaces of specimens of 
different composition and heat treated in different 
ways. He concludes that copper increases the 
depth to which the hardness penetrates, particularly 
in the case of chromium steels. Alloy steels con- 
taining copper-nickel and chromium are, he finds, 
“semi-hard.” They can be hardened in fairly large 
sizes by air cooling, but can also, like carbon steels, 
be softened by annealing. 

Dr. J. O. Arnold, who opened the discussion, said 
that M. Grenet had omitted, in his paper, to 
consider two primal questions in connection with 
the action of copper and nickel on pure iron. In 
the steels mentioned only the chromium was acting 
with the carbon; there was no carbon with the 
nickel or the copper. In round numbers—taking 
pure iron, or steel with only 0.17 per cent. of carbon 
—the addition of 7 per cent. of nickel or of 28 per 
cent. of nickel gave practically the same mechanical 
test, i.e., 28 tons. With the addition of 14 per 
cent. of nickel the stress went up to 90 tons, with 
a 45 per cent. reduction of area. There would there- 
fore, at that point, be either a saturated solution of 
nickel in iron or a nickelide of iron, Fe,Ni,correspond- 
ing to the percentage given. Really, in these steels 
the nickel was associated only with the iron and 
not with the carbon at all. In 1894 the speaker had 
read a paper before the Institute on the influence of 
elements on iron, the case of copper proving some- 
what astonishing. The addition of 2 per cent. of 
copper to nearly pure iron raised the maximum 
stress of the latter from 21 tons to 34 tons per 
square inch, and also raised the elastic limit from 
11 or 12 to 30 tons. Judging from work he had since 
done, the copper seemed to dissolve pretty readily 
in the iron up to 2 per cent. Experiments he had 
made in the direction of welding two pieces of very 
mild steel with copper showed that the copper weld 
was the strongest part of the metal. A thin strip 
of electrolytic copper was placed between the two 
plates of steel, clamped together, and the whole 
put into a crucible and covered with coke dust, 
moistened with a solution of sugar, so as to obtain 
a CO atmosphere. Taking the pieces of steel up 
to a temperature of 1100 deg. for two or three hours, 
the film of copper between the plates dissolved 
completely in the steel. Assuming a dead mild 
steel and a copper weld of 2 per cent., the strength 
at the copper weld would be stronger by several 
tons than at any other part of the steel. The 
copper, as such, disappeared, and all that could be 
observed of it under the microscope was a slight 
blueing on polishing, representing the solid solution 
of the copper in the mild steel. It seemed to the 
speaker that the question of the hardening influences 
of the copper and nickel on the iron presented a 
very complex problem independently altogether of 
the carbon. 

Dr. Hatfield merely observed, in reference to 
Mr. Grenet’s paper, that he presumed the author 
had endeavoured to see how far copper could replace 
nickel. The work was very creditable, and would 
save many other metallurgists from going over the 
same ground. 

Dr. Desch, criticising Mr. Grenet’s paper, re- 
marked that in the absence of microphotographs 
there was no evidence that what had been measured 
was the actual penetration of the hardness. The 
hardness of a case-hardened surface depended on 
two factors, namely, the rate of combination of 
carbon with the iron or other element present and 
the rate of diffusion inwards. With a rapid rate 
of combination and formation of a large quantity 
of carbide at the surface, the surface would be hard 
although the penetration might be small. On the 
other hand, the rate at which carbide diffused into 
the metal would be much affected by the presence 
of solid solutions, such as those referred to by Dr. 
Arnold. He would scarcely have expected that the 
presence of carbide in solid solution would favour 
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the diffusion of the carbide inwards; in the case 
of a solid solution containing copper he would think 
that the carbide would diffuse less readily than in 
pure iron. The case of chromium and nickel was 
different, because of the possibility of carbides 
forming in solution. It would therefore be interest- 
ing to know whether microscopic investigation 
would confirm the statement that there was greater 
depth of penetration in the case of copper. The 
speaker considered Mr. Fry’s paper of much service 
in directing attention to the need for accurate 
specification when the properties of heat-treated 
metals were being discussed ; for instance, a state- 
ment of the size of the object from which a test piece 
has been taken. 

Dr. W. A. Bone expressed a doubt whether Mr. 
Fry had succeeded in accurately determining the 
mean temperature of his specimens. 

The remaining papers were taken as read, and 
votes of thanks having been accorded to the 
Institution of Civil Engineers for the use of their 
building, and to Sir William Beardmore for his con- 
duct in the chair, the proceedings were closed. 


CEMENTATION BY GAS UNDER 
PRESSURE.* 
By F. C. LANGENBERG (Harvard University). 


Introduction.—With the exception of the brilliant 
work of Giolitti, very little has been done on the subject 
of cementation or decarburisation under pressure. The 
work by Giolitti is too well known to require discussion. 





In his work a furnace was employed which had several | As 


defects, namely, the inability to maintain a constant 
temperature, probably due to the lack of any cooling 
provision for the jacket, and the inaccessibility of the 
interior. 

The author of this paper feels that a description of 





the pressure furnace which has been develo in the 


Fig.1. 





{Za 


VACUUM AND PRESSURE FURNACE. 


Physical Laboratory of Harvard University, developed 
a furnace which, in the author’s opinion, could be 
made useful for cementation work under pressure if 
properly modified. Through the kindness of Dr. Hayes 
it was possible to undertake the construction of a 
furnace similar to the one used by him, and the one 
herein described is a modified form of that furnace. 
The essential features are similar, but such improve- 
ments have been made as were ne to make the 
apparatus suitable for metallurgical experiments. 
inancial conditions made it necessary to cut down 


the dimensions of the proposed unit as + inally planned 
and shown in the accompanying sketch (Fig. 1), but the 
proportions were not distur nor was the usefulness 


of the apparatus seriously impaired. The attempt has 
been e in the construction of the furnace to combine 
all the requirements of a vacuum and pressure furnace 
into a single unit, and at the same time to do so as 
economica. i, as possible. A short description will give 
an idea of the furnace proper. 

The — unit consists of an alundum tube, threaded 
on the outside, nine turns to the inch. On this tube is 
wound No. 16 nichrome wire, which gives a total coil 
resistance of 10 ohms. 

A mixture of alundum cement and water was then 
prepared, which was firmly pressed on over the wire, to 
a thickness equal to that of the tube itself. This was 
dried and then baked at a high temperature for several 
hours. An asbestos steam pipe cover of the proper 
length was then reamed out so as to fit very closely over 
the cemented tube. Finally a layer of asbestos felt was 
wrapped tightly over the pipe cover. In the section, 
Fig. 1 (starting from the inside and a outward), 
can be seen (1) the alundum tube threaded to receive 
winding, (2) layer of alundum cement, (3) asbestos 
pipe cover, (4) asbestos felt. 

The heating unit was assembled as follows :—Cast-iron 
end-plates were made which have two circular projec- 
tions on their inner surface. The ends are held in place 
by four tie-rods, none of which appears in the section. 
can be noticed in Fig. 1, the alundum tube fits into 
the first projection, and the outside flange fits snugly 
over the outer layers of asbestos felt. The terminals of 
the nichrome winding are brought out to two binding 
posts, which are insulated from the cast-iron head by 
mica tubes and washers. This method of assembling 
gives a very strong and convenient heating unit for any 
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Harvard University Metallurgical Laboratory will be 
justifiable, as some of the defects encountered in the use 
of former furnaces have been overcome. The experi- 
mental results herein presented, it is hoped, will be of 
some interest in themselves. It is realised that they 
are far from complete, but it is hoped that additional 
data may be presented at a future date. 
_ Acknowledgments.—The author wishes to express his 
sincere appreciation of the assistance rende by the 
following gentlemen :—Professor Albert Sauveur ; Pro- 
fessor H.L. Smyth; Professor Charles H. White ; Dr. H. 
C. Hayes, instructor in physics, Harvard University. 

The author is especialy 
Sauveur for his encouragement and frequent suggestions 
in the course of this investigation; to Professor H. L. 
Smyth, whose deep interest in the subject made it 
Possible to secure the necessary funds to carry on this 
work; to Professor Charles H. White for his sugges- 
tions and assistance in the analytical work necessary in 
this investigation ; and to Dr. he C. Hayes, for the lean 
of certain patterns and his many valuable suggestions 
in the construction of the furnace used. 

Description of Apparatue.—Dr. Hayes, of the Jefferson 


* Paper taken as read before the Iron and Steel 
Institute, Friday, May 4, 1917. 
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sort of furnace work not exceeding 1100 deg. C. when 
used in an oxidising atmosphere. 

As previously stated, the total resistance of the wind- 
ing is about 10 ohms. When thrown across a 110-volt 
line a temperature of 1100 deg. C. is attained in 10 
minutes. If so large a current be allowed to continue, 
the coil will soon reach a temperature which will be 
destructive. It has been determined that 6.6 amperes 
will supply energy at a rate equal to the loss by radiation 
at 1000 deg. C. (pressure being atmospheric). All that is 
necessary in the operation of such a furnace is to deter- 


|mine the temperature maintained by a certain energy 


supply. A number of such determinations similar to 
the one above were taken and a curve drawn between 
the points thus obtained. With a constant line vol 
the control is very simple. In starting full load can 
thrown on, and when the desired temperature is reached 
external resistance can be introduced to reduce the 
energy input to the predetermined value taken from the 
curve. 

The utilisation of the heating unit as a vacuum or 
pressure furnace is accompli by inserting it in a 
steel jacket (see Fig. 1). The furnace pro 
po in the jacket by two asbestos w rings, one at 
each end. These supporting rings are perforated with a 
series of holes to allow free circulation of gases. The 


r is sup- 


| sufficient le: 


jacket is 1 in. in thickness and consists of a cylinder with 
flanges at the ends to which are bolted the .» The 
joint between heads and cylinder is secured by a suitable 
gasket. Fig. 1 shows copper pate in. thick, but it 
was found later that a better fit could be maintained by 
the use of an asbestos-graphite gasket ,'; in. in thickness. 
All bolts are 4 in. in diameter, standard thread. 

‘The heads, front and back, are shown in section, 

Fig. 1. The rear head was tapped and threaded for 
rk plugs, through which current js carried to supply 
the heating unit. This device has proved simple and 
effective. Spark plugs were chosen with strong central 
leads and connections made internally to the binding 
— of the furnace and externally to the supply circuit. 
ere is no danger of the furnace quentiee on the 
jacket, and the plugs insure gas-tight, electrically insu- 
ted connections. 

The rear head was also tapped and threaded for }-in. 
double-thick pipe, through which connections can be 
made to the pressure and vacuum pumps. The rear 
head was also tapped and threaded to receive a pipe in 
which the thermocouple is inserted. This pipe is shown 
in position in Fig. 1. It had a very serious drawback 
in that the furnace had to be completely torn down for 
the insertion of a new pipe. This was overcome by a 
very simple device. A steel plug was turned from 2-in. 
stock and provided with 1l-in. standard thread. The em 
was then tapped and threaded to receive the pipe whic 
was to hold the thermocouple. The hole in the head 
was then enlarged to receive the plug carrying the pipe. 
It was then a very simple operation to remove this plug 
and insert a new pipe without disturbing the furnace in 
the least. 

The front head of the furnace was cast from the same 
pattern as the rear one. The arrangement of the conical 
plug which forms the working door of the furnace is 
shown in section in Fig. 1. The plug was cast and 
turned down to a good machining fit, after which it was 
ground to an accurate fit by first using emery, then 
tripoli powder, and finally jewellers’ rouge. The plug 
fits so securely in its seat that some device is necessary 
to remove it. The three-bolt system shown in section 
in Fig. 1 was not ful. It isted of three bolts, 
one screwed into the plug, and two others screwing into 
the furnace jacket, all provided with two nuts, one above 
and one below the strap. When one desires to remove 
the plug the two top nuts on the bolts fastened to the 








Fig. 2. ARRANGEMENT OF FURNACE TUBE WITH SPECIMENS 
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jjacket are unscrewed, and then by unscrewing the two 
| under nuts on the same bolts outward pressure is exerted 
on the strap, which in turn is transmitted to the plug 
7 the centre bolt. When operating under vacuum the 
plug does not have to be held in place, as the external 
air pressure is sufficient. When operating under pressure 
| the plug is held in position by tightening the outside nuts 
}on the bolts in the jacket. As sta previously, this 
means of removing the plug was not satisfactory, Soe the 
obvious reason that no twist could be exerted on the 
plug. To overcome this a new firs strap was made 
which was considerably longer. @ extremities of the 
strap were tap and threaded for 2}-in. set-screws of 
to bear on the jacket head. To remove 
| the plug all that is necessary is to loosen the two outside 
| nuts on the bolts which screw into the jacket and then 
a up the set-screws. If this does not bring out the 
plug the arm can be revolved, and with the set-screws 
well tightened a twisting pull is exerted which always 
removes with ease the plug from its seat. Circulation 








under pressure inside the jacket is provided for by insert- 
‘ing a pipe into the conical plug 


tted with two valves. 
| Two valves were used, as it gave a more delicate control 
|of the amount of passing from the furnace when 
| operating under high pressures. 
| The cooling of the jacket is accomplished by the 
thermo-siphon system of oil circulation. The cooling 
jacket was made by two cast heads (shown in section, 
ig. 1) and a section of steel pipe of the proper length 
and diameter, assembled by tie-rods and the necessary 
gaskets. Rubber gaskets have been used with perfect 
satisfaction, and no difficulty is experienced in making 
tight joints. The inlet is at the bottom and the outlet 
at the top, connection being made to a galvanised iron 
tank, used as a radiator and oil reservoir. A drainage 
tap is provided at the bottom for removing the oil when 
necessary. 

The installation for pressure work consists of the 
following appliances: motor, compressor, storage tank, 
pressure gauge, and the necessary valves. The motor 
is a Holtzer Cabot, $ h.p. at 1,200 revolutions. It is 
belted to a short line shaft, to which in turn are belted 
|the vaucum pump and compressor. The compressor 
| Was made by H. G. Crane, of Brookline, Mass., and 
consists of two cylinders, air-cooled, oe at 500 
strokes per minute. The clearance has nm reduced to 
a minimum, and high pressures can easily be reached in 
a short time. The exhaust from the compressor is piped 
toa wonnge tank (in cabinet under bench), and from the 
tank to the inlet in the furnace provided for pressure. 





| Valves were inserted in the line between the furnace and 
gauge, between gauge and tank, and between tank and 
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pump. These various valves make it possible to read TABLE I.—Serres 1. CeMENTATION IN Incummasme Gas. 
either the ee in the tank or the pressure in the yeaa AS ag hen ANE Vo rMg 
furnace, © pressure gauge is of the Crosby type, | J 
Weight Change Change | | Tem- | Eutec- 
’ Specimen. in of per Time. pera- | Pres- | Rateof Hyper. toid Hypo. Total. Remarks. 
Pig. ‘ fEF'E5, Ke* 7. RATE OF FLOW-CARBURISA- | nee Weight. Pm Cm. | Hours. | ture. | sure. | Gas Flow. Case. Case. | Case. | 
i 
| | v j A is | “ 
| mm. | mm. | mm. | mm. 
S-1-3 | 21.0803 | 0.0025 0.000227) 3$ | 1020 | Atmos- 6litres | 0 0 0 {0 Specimen slightly 
- | , } pheric per hour blue. No case. © 
8 4 “ s-1-4 19.7149 | 0.0023 0.00022 | 3) | 1020/ ,, me 0 |0 0 
' $-1-5 20.6930 | 0.0005, 0.000045] 5 | 1000 » | 2littes |0 |0 0 0 Blue on side’ facing 
= | | per hour current. No case. 
; 8-1-6 18.5155 |—0.0001 —0.00001 5 1000 oI on 0 | 0 0 0 Very bright. No 
S-1-7 | 20.5942 0.0004 0.000036) 4 1010 | 9 0.0 litre. | 0 0 0 0 Slightly straw - co- 
s aa - oil | : No gas : | loured. No case. 
| | passed 
2 8-1-8 | 18.5018) 0.0001 0.00001 | 4 1010 1 * 0 0 0 0 « = 
7 980. S-I-N-M 18.6430 | 0.0016 0.00016 3 1000; , | 8 — 0 0 0 Blued. No case. 
| | per hour 
— aT TABLE II.—Senrzes 2. Cummatinia In ILLuMrInaTING GAs. 
— 7 _ ro 
—_ { | | mm. | mm, | mm. | mm. | 
8-2-1 21.7640 —0.0002,—-0.000018 6 | 900 ” 2 litres 0 0 0 0 One side was light 
1 ss | | | per hour straw. No case. 
8-2-2 19.9070 —0.0001 —0.000010) 6 900 oo | 99 | 0 0 0 0 er bright. No 
p 8 8-2-3 | 22.4146 0.0003) 0.000026 5 | 910 ,, | 0.2 litre | 0 0 0 0 Very ‘ign blue. No 
¢ 7 | | per hour | 
15093-c) : of Feoatiuae 4 §-2-4 22.1366 | 0.0000, 0.00000 | 5 910 » | a 0 jo |0 jo | Light straw. No 
Rate .L tres per Hour | | | | case. 
The results are similar to those of Series I. In no case did carburisation ensue. Carbon was deposited in the cold ends of the 
fia: 4. TEMPERATURE- -~CARBURISATION tube, as in the previous series. 
106 OATA DERIVED FROM PREVIOUS CURVE TABLE III.—Series 4. CEMENTATION OF ARMcO IRON IN C2Ho. 
| | | | mm. mm. mm. ; mm. 

S-4-A 18.8181 0.0013 0.00013 | 4 1005 Atmos-| 1.44 litre’ 0 0 0 10 Specimens dull black 
= eric | per hour when removed. No 
1000 4 | —— of deposited 

carbon. 

8-4+-B 19.2017 0.0021 0.0002 3 1005 o” | 2. nf oan 0 0 trace trace - ~ 

| per hour 
906 4 F S-4-C | 19.2371 0.023, 0.0023 | 4 1000 “4 | 10 litres 0, 0 | 8.5 | 3.5 | Rear of tube choked. 
| | | per hour | | Specimen black. 
| | | ; Case unt 9.00 
per cent. carbon 
sat $-4-D | 19.3816 0.0578 0.0055 4 90, ,, | Slitres 0 0.5 | 1.3 | 1.8 | Furnace choked. Spe- 
| | per hour | cimen —_- Good 
| commercial case. 
TABLE IV.—Series 5. CEMENTATION IN CoHo. 
w 700 | | | mm. | mm.| mm. | mm. | 
8-5-G 19.3739 0.0431, 0.0038 | 4 980 | Atmos-, 0.00 litre | 0 0 1.25 | 1.25 | Carbon about 0.70 
‘ | Pheric | per hour per cont. max. Spe- 
| cimen very bright. 
600) 8-5-E 19.3149 0.0431, 0.0041 4 | 985 90 1.4 litre | 0 | 0 1.50 1.50 | Carbon about 6.70 
} | per hour per cent. a Spe- 
| men very bright. 
S-3-F | 19.2207 0.0548) 0.0052 4 985 | 99 ee 0 0.25 | 1.50 | 1.75 | Specimen very bright. 
| | | per hour 
: . 2 8 ¢ 5 6 TABLE V.—S 6. C CoH 
one, of Weight uv Mé .—Series 6. CEMENTATION IN CoHo. 
~~ iG ‘ ! | mm. | mm. | mm. mm. 
‘ 8-6-1 19.2594 0.0326 0.0031 4 900 Atmos- 0 | 0 | 0 1.4 1.4 0.75 m. about 70 per 
J. TEMPE RATURE-CARBURISATION | pheric | onnt. carbon. Spe- 
| | men very _brigh t 
8-6-J 19.0167 0.0408 0.0039 4 905 9 1.1 litre | 0 0 1.4 1.4 - 
| | per hour | | | 
S-6—K 19.2900 0.0527, 0.0050 | 4 900; , | 8 litres 0 0.5 1.25 | 1.75 | Specimen very bright. 
b-6-H 19.2133 0.0229 0.0022 | 4 880 | »» | 2.25 litres | 0 0 1.1 2.1 - = 
| | | per hour 
TABLE VI.—Series 7. CEMENTATION IN CoHo. 
| | mm. mm. mm. mm. 
S-7-L | 19.5552 0.0265 0.0025 4 810 —- 4 litres 0 | 0 1 1 me nd a 
800 | pheric | ase low in carbon. 
8-7-M 19.3124 0.0641, 0.0061 e. 4 oo oe 1.6litre 0 0.4 1.1 | 1.5 Specimen very bright. 
| | | j n- 
i ! | certain | | 
8-7-N 19.3624 | 0.0646 0.0061 6 900 2 0 0 0 2 12 | Specimen very bright. 
| ne 0. oe ne. .60 
! ce n per cent. carbon 
8-7-0 19.3789 | 0.0278 0.0027 4 | 880 9 2.75 litres 0 0 1 1 | Specimen very bright. 
8-7-P 19.4602 0.0133; 0.0013 4 815 | 9 2. 50 litres 0 0 0.8 0.8 90 90 
TABLE VII.—Series 9. Ittuminatine Gas. 
dncronse of Winght lps 2463 '|—0.0006 —0.00005| 3 | 720| At sites [O00 10 | Speci bright 
—-9- .2463 —0. —0. | mos- itres } | cimen very bright. 
Oo 2 4 6 8 0 2 rw 6 oo wn i | pheric per hour | } 29 singe 
(809s @) Depth of Case Mm S-9-P | 19.3796 | 0.0089 0.0009 | 3 mi; ele 0 0.3 | 0.3 ™ - 
$-9-Q | 19.4453 0.0171, 0.0016 | 3 910/| ,, » | 0 0 0.6 0.6 + » 
D 8-9-0 19.3815 0.0298 0.0028 3 950 so «| ue | 0 me Tae 7 ” ”» 
Fig 6. SERIE 910°C PRESSURE-CARBURISATION $-0-R | 19.4783 | 0.0522, 0.0050 | 3 | 1025| 7% | 3 |o jo.2sliasli6 | 3 x 
| TABLE VIII.—Senries 10. Intumiatine Gas. 
—8 j | ) Ib. | mm. mm. |} mm. | mm : 
_ S-—10-F 19.3041 0.0476) 0.0046 3 | 910; 2 5 a | 0 0.2 0.75 1.0 Specimen very bright. 
; | per hour Bo a 
5 ! i HppehFntacenet S-10-E 19.3406 | 0.0476) 0.0065 | 3 915 | 33 fc 0 | 0.25 | 0.75 | 1.0 ‘ re 
Sp-4 19.4369 0.0559) 0.0053 3 915 45 mae 0.2 0.25 | 0.65 | 1.1 9 99 
S-10-B 19.3367 | 0.0690) 0.0066 3 915 65 ~ 0.3 | 0.3 0.65 } 1.25 | 9 ” 
y. $-10—-C 19.3240 | 0.0740) 0.0071 3 15 90 am 0.4 0.25 | 0.65 | 1.30 99 9 
3” <? §-10-D 19.3978 | 0.0787) oanae 3 928 Me = os O38. | 10 1:80 Temperature control 
‘ 0. ‘ 25 | 2 99 10. s 1a. 1. 
a. . 2 ; al__¢ S-10-V 19.4486 | 0.0700) 7 | | ee 
} | | series. ; 
¥ S-10-A 19.4885 0.0359) 0.0034 2 915 | 45 ov 0 0.2 | 0.8 1.00 g A 
| | = e 
— ! 5 5 | ¥ . of 1.00 1.8 Temperature control 
: / a Our S-10-W 19.5324 0.0976, 0.0003 | 3 | 950 to; 45 | 0.6 | 0.25 | Demeeratane contest 
4 this series. 
yo TABLE IX.—Senries 11. Ivituminatine Gas. 
% of | Ib. mm. | mm. | mm. ; mm. : uae 
= 8-11-G 19.4964 0.0247) 0.0024 | 3 810 40 5 — | 0 | 0.2 0.3 | 0.5 Specimen very bright. 
s iB | . r per hour a 0.43 
S-11-H 19.3985 0.0245 0.0023 3 805 65 9 0 0.2 0.3 45 
2 S-11-1 | 19.4796 0.0244) 0.0023 | 3 805 | 90 - 4° 0.2 |0.3 | 0.45 Speclinen very ‘bright 
lo 
s-11-3 | 19.2400! 0.0253) 0.0024 | 3 | s10! 115 | ,, 0 0.2 0.3 | 0.45 2 is 
o TABLE X.—Senies 12. Ittummnatine Gas. 
_ “ 120 HO » Id. mm. ,; mm, mm. ; mm. : ' 
Prescwre Lee per Sq In s-12-L | 19.1488 | 0.0741) 0.0070 | 3 990 | 26 | Slitres | 0.4 | 0.5 0.9 | 1.8 Specimen very bright. 

S-12-M | 19.3073 | 0.1109) 0.0086 3 one 8 5 3.0 9.5 6.75 2.38 = ” 

N | 19.5081 | 0.1207) 0.01 ‘ ba . 2. ant Ca 

oe a pasa, the one in use at present having a x 19.1081 0.0493, 0.0047 6} 8001 27 ce 0.2 (0.3: 0.5 | 1.0 Veliage low. and 

The vacuum pump is an oil-sealed, plunger type. It max. Control bad. 
has two cylinders, 5-in. stroke by 2-in. bene, connected ’ eae Saiieael : 
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in series, one cylinder pong its intake connected to the 
exhaust of the other cylinder. The vacuum gauge is 
of the McLeod type, so constructed that 1 mm. difference 
in level in the mercury column gives a vacuum measure- 
ment of 0.00875 mm. of mercury. An ordinary dial 
type of vacuum gauge is also used to give approximate 
readings while the furnace is being exhausted. All 
exhausted air is thoroughly dried by CaClg and P2029 
tubes before entering the ae 

The electrical control of the furnace and motor is 
centred on one board. At the top is the line switch 
and fuses. Below and on each side are switches, one | 
operating the furnace circuit and the other the motor. 
An ammeter which is in the furnace circuit is also placed 


Fig. 7. SERIES 11. 810°C. PRESSURE CARBURISATION 
CURVE 





Case im 0 


#0 ~«7200—=«CO 
Pressare L6és per Sg.dn 


Increase of Naight Mge or Depth of 


($093 ©) 





No. 1.—White Cast Iron, as received. 


on the board. The starting rheostat for the motor is | 
mounted below the ammeter. Terminals are provided 
at the base of the board for connecting the furnace, 
rheostat and motor. 

The thermocouple for measuring the furnace tempera- 
tures is enclosed in a fused quartz tube which fits snugly | 
into the iron pipe already described. A platinum | 
platinum-rhodium couple is used, its electromotive force 
being measured by a Leeds and Northrup portable 
potentiometer. The cold junction can be maintained | 
at zero by an ice-box, This arrangement allows of 
temperature readings with an accuracy of 5 deg. at 
1000 deg. C. 

The cycle of operations when the unit is operated as | 
&® vacuum furnace is something as follows :—After the | 
desired charge has been made the plug is inserted and 
the valve next to the furnace in the pressure line is closed. 
The valves in the vacuum line are opened and the pump 
started. In about ten minutes the vacuum will be less 
than 0.1 mm, of mercury. The heating current is then 
turned on and the furnace brought to the desired tem- 
perature, which can easily be maintained by keeping the 


current constant. The pump is run continuously to take 
care of gases evolved from the specimens during heating 
and the slight leakage through the furnace jacket. 

When operating the furnace under pressure more 
attention is required. The valves on the vacuum side 


are closed, the cha inserted, and the plug securely 
bolted in place. The compressor can be run either 
continuously or intermittently, as the experiment may 
demand, the object being to keep a higher pressure in 
the storage tank than in the furnace. The pressure in 
the furnace is controlled by means of the valve between 
the tank and the auge, the gauge recording the pressure 
m the furnace. ff for any reason the pressure in the 
tank is to be determined, the valve between the gauge 
and tank can be opened after first closing the valve 
between gauge and furnace. The reading now will be 
the tank pressure. The amount of gas ing through 
the furnace under any pressure is regulated by valves 
in the plug outlet at the opposite end of the furnace, 

In certain observations it is convenient to operate the | 
unit first as a vacuum, and then as a pressure furnace, 
For example, in determining the effect of a certain gas | 
Passing at a constant rate and temperature for a given 
ume, evidently if the gas is started while the furnace is | 





cold, the result obtained will show not only the effect | burisation ensuing. For pu of comparison this 
produced at a certain temperature, but also the effect | change of weight was divided by the area of the specimen, 
produced in heating to and cooling from the desired jintroducing a column in the data tables, “change of 


|temperature. This is obviated as follows :—The furnace | weight per square centimetre of surface.” 


is exhausted when cold and then raised to the desired 
temperature. The gas desired is thus passed for the 
desired length of time, after which the furnace is again 
quickly exhausted and then allowed to cool. In this 
manner the effects produced in heating to and cooling 
from the working temperature can be almost completely 
annulled. 

Experiments.—The following experiments (series 1 to 
12 inclusive) were conducted in the furnace which has 
just been described. The material subjected to car- 
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No. 2.— White Cast Iron, after decarburization. 


burisation was without exception “ingot iron” supplied 
by the American Rolling-Mill-Company of Middletown, 


Ohio. It had the following chemical composition :-— 
Per Cent. 
Carbon ... 0.01 
Silicon 0.002 
Sulphur... 0.002 
Phosphorus 0.003 
Manganese pes ove ove trace 
The gases used were the city illuminating gas and 
acetylene. 


The samples of iron to be cemented were turned down 


| in a precision lathe to a uniform diameter (within 0.001 


of an inch) and were approximately 0.45 in. in diameter 


}and 0.85 in. in length. Every sample was accurately 


weighed and measured before and after treatment. In 
all cases where oxidation did not occur the change in 


weight was a sufficiently accurate measure of the car- 


| Series 1.—The conditions were as follow :—City gas 
| was passed at different rates and for different times at 
|atmospherio pressure, the temperature being approxi- 
mately 1000 deg. in all cases. The conditions and 
| results are shown in Table I, page 448. The conclusive 
|result from this series was that city gas under the 
| conditions of experiment did not carburise. An exami- 
| nation of the furnace tube showed that carbon was being 
| deposited, but not in the hot portion of the tube. 

Series 2.—Series 2 was carried out as series 1, except 
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that the temperature was reduced to 900 deg. C. The 
data for this series, Table II, page 448, gave results 
| similar to series 1, 

Illuminating gas is unfortunately a mixture of several 
systems, but some general chemical laws are eye 
| All systems in which carbon is deposited follow the 
| general law that the higher the temperature (within 
| limits) the greater the amount of carbon in the gaseous 
| phase. The following system is typical: 2CO $5 CO. +C. 
At 500 deg. C. about one-half of a given volume 
of CO Se | be dissociated into CO2g and C, while at 
1000 deg. C. only 0.3 per cent. would be dissociated. In 
passing a given volume of CO through a tube held at 
1000 deg. C. the following must occur. The cold gas 
enters the tube and becomes heated wine ol As soon 
as the reaction temperature is venened carbon will be 
deposited and will continue to deposit until equilibrium 
is reached for the temperature in question. The gas, 
however, is never permitted to reach equilibrium, as it 
is constantly changing temperature. If the rate of flow 
is not too rapid the gas will reach the hot zone im- 
poverished in carbon, and to again reach equilibrium 
must absorb carbon from some source. 

Series 3.—After an inspection of the results of the 
previous series the first inference would be that the gases 
in the hot portion of the tube would be decarburising. 
Carbon had been deposited from the gas mixture at lower 
temperatures to establish equilibrium, and as the tem- 
| perature of the gas is raised carbon must again be 
| absorbed to maintain the equilibrium condition. The 
| only available carbon present in the hot zone is that of 
|the austenite of the samples present, which will be 
| absorbed. 

A great many experiments were carried out on decar- 
burisation, only one of which will be described. 


$093") 





A strip of white cast iron 1 in. by } in. by 6 in. was 
treated at 1025 deg. C. for 10 hours, city gas being 
passed at the rate of 6 litres per hour. The white cast 
iron used in these experiments was furnished by the 
| International Harvester Company and contained 2.5 
per cent. carbon and 1.1 per cent. silicon, 

Micrographs Nos. 1 and 2, annexed, show the bar 
before and after treatment. The carbon in the flat 
| bar of white cast iron has been reduced from 2.5 per cent. 
| to about 0.50 per cent. The structure reveals streamers 
of ferrite extending to the centre of the strip, This 
structure has been observed several times in decar- 
burised specimens but has not yet been accounted for. 
This strip was bent 45 deg. before fracture occurred. 

The other experiments on decarburisation with steels 
of varying carbon content showed the loss of weight per 
square centimentre of surface exposed to be a direct 
function of the carbon content. In all cases the decar- 
burisation was not accompanied by any oxidation, the 
specimens all remaining very brilliant, 

Series 4.—Following the failure of illuminating gas to 
carburise CoHe was next tried. The conditions were 
maintained as in all the previous experiments. The 
temperature used was 1000 deg. C., the time constant 
four. hours, and the rate of flow varied from 1.44 litre 
per hour to 10 litres per hour, The conditions and 
results for this series of experiments are summarised in 
Table III, page 448. The results show that no car- 
burisation Til result without a velocity of gas flow 
greater than 2.75 litres per hour, This condition is 
explained in a similar manner to the phenomena observed 
in series 1 and 2. The decomposition of CeH2 is a 
complex reaction and several products may be formed :— 

202H = Cs + CHy 
2C02eH2 = C3 + CoHe &e. 
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C2H¢2 is more stable at 1000 deg. than at 400 deg. or 500 
deg., and as a result carbon is ~ nen in great abun- 
dance in the cold end of the tube, and when the hot 
portion of the tube is reached the gas lacks the necessary 
carbon to be in equilibrium. At all rates sufficiently 
slow the above condition results and no carburisation 
occurs, but increasing the rate to 10 litres per hour does 
not allow sufficient time for the complete deposition of 
the carbon in the cold end of the tube. Consequentl. 
the gas arrives in the hot zone still rich in carbon, whic 
is given up to the iron, forming austenite. 

n order to study carburisation under equilibrium con- 
ditions, the following plan was used, The tube in which 
the specimens were treated was filled with solid carbon 
for about one-half its length. In this manner the gas 
was kept in equilibrium with solid carbon at the tem- 
age desired to be used. The sketch on 447, 

ig. 2, represents the tube as used in all the following 
series, The gas enters at the end of the tube, deposits 
carbon, and passes on. As it reaches the hot zone and 
is in the condition to absorb carbon it is at liberty to do 
so from the carbon packing. Carbon from the 
solid state into combination with the gas, the result being 
equilibrium between the us phase and solid carbon 
at the temperature at which it is desired to effect car- 
burisation. The gaseous phase passes on and strikes the 
specimens, to which it yields part of its carbon, causin 
cementation to ensue. It was impossible to work wit’ 
C2H>2 under pressure, and noe ye eramwe they portion of the 
work in which C2H2 was used was confined to determining 
the degree of carburisation under different rates of flow 
and at different temperatures. 

Series 5, 6 and 7.—The following experiments were 
confined to this work. The results shown in Tables 
IV and V, and Table VI, page 448, are shown assembled in 
the form of a curve by a series of isothermals. (See Fig. 3.) 
From this curve it appears that the extent of car- 
burisation is a direct function of the rate of flow, and all 
the isothermals, except the one at 985 deg., can be 
drawn as straight lines. If a line AB is drawn parallel 
to the y axis intersecting this series of isothermals, the 
points of intersection furnish further information. Evi- 
dently at all points on this line the rate of flow is con- 
stant, which enables a curve to be drawn between 
temperatures and degrees of carburisation as the vari- 
ables. This curve (Fig. 4) has a decided break in the 
region 890 deg. to 900 deg. The interpretation of this 
break is that, for a constant rate of flow, carburisation 
suddenly increases if the temperature is raised from 890 
deg. to 900 deg. 

he region 890 deg. to 900 deg. is the location of the 
gamma-beta allotropic change in pure iron. The break 
in the curve is a very effective demonstration of the 
increased solubility of carbon in gamma iron, and, in the 
author’s opinion, shows beyond a reasonable doubt the 
possible solubility of carbon in beta iron. 

A a yo of this series is shown (No. 3, page 
452). Some ve been insistent on the point that 
hydrocarbons give cases high in free cementite. This 
section shows quite the reverse, as in no instance do the 
cases exceed the eutectoid ratio. 

Series 8 and 9.—In the next series of experiments 
illuminating gas was used as the carburising agent, the 
tube being filled for one-half its length with solid carbon, 
as explained before, All the specimens after treatment 
were perfectly bright and without a trace of oxidation. 
This condition made it possible to use the increase of 
weight as a direct measure of the carbon absorbed and 
also allowed of accurate measurements of the case 
depth. 

As is shown in Table VII, the rate and time were 
constant, the temperature being the only variable. 
Two curves (Fig. 5) have been drawn from the da 
obtained, one showing the relation between t t 


m ht and pressure, the other between thickness of case 


ressure. 

The first conclusion which can be drawn is that 
ressure increases the carbon absorbed up to a certain 
imit. Increasing the pressure beyond 40 lb. causes no 

further i in the t of carbon absorbed, the 
time and temperature remaining constant. The tem- 
perature of this series, as before stated, was in the vicinity 
of 800 deg. For every temperature the curve 
parallel to the axes at a different pressure ; the higher 
the temperature, the higher the pressure must be to 
roduce this effect. Micrographs Nos. 8 to 12, page 452, 
inclusive, show the typical cases resulting from this 
series. 

Series 12.—This series, which was conducted at 995 
deg., was limited at a maximum pressure of 75 lb. The 
curves, Fig. 8, have been drawn as in the previous series. 
The curve for the increase of weight shows a tendency 
to flatten as in series 10 and 11. In Fig. 9 the increase 
of weight curves have been assembled and permit of the 
general statement that increase of pressure increases 
the absorption of carbon at all the temperatures studied. 
After a certain critical pressure is reached, the critical 
pressure depending on the temperature, increments of 

ressure cause no further increase in carburisation. The 
Tate for experiment 12 are shown in Table X and Fig. 8. 


Summary. 

1. The furnace herein described has proved very con- 
venient and simple of operation. 

2. Experiments on carburisation and decarburisation 
were carried out, using both illuminating gas and 
acetylene. 

3. The gamma-beta points seem to mark a sharp 
break in the carburisation curves for both city & and 
acetylene. No carburisation ensued below 720 deg. 

4. The effect of pressure on the degree of carburisation 
with the gaseous systems found in illuminating gas was 
different at different temperatures. It is indicated by 
the various curves that after a certain pressure is reached 
further increase of pressure will not cause additional 
absorption of carbon by the iron. 








Prrsonat.—A-L Meteorlite, Limited, of 106, Victoria- 
street, Westminster, have amalgamated the whole of 
their business and undertaking with their allied company, 
Allen-Liversidge Portable Acetylene Company, Limited, 
which is now styled ‘“ Allen-Liversidge, Limited.”’— 
Messrs. Léon Plaut, of Moscow, sole agents in Russia for 
W. and T. Avery, Limited, Birmingham; Hadfields, 
Limited, Sheffield; the Stirling iler Company, 
Limited, London, &c., have opened offices in London at 
40, Granville House, Arundel-street, Strand, W.C. 2. 





AEROPLANE Encrves.—In a paper recently read before 
the Aeronautical Society Mr. ® Coatalen drew the 
following distinctions between —2 for motor cars and 
aero’ es. For car engines :—(1) Weight is practically 
no object. (2) Cost is of the utmost importance, therefore 
there must be the minimum of machining, as instance the 
fact that the connecting rods of a motor-car engine are 
not milled, nor are the crankshafts machined ali over. 
(3) It must be capable of production in o- quantities 
at minimum cost; otherwise, with the least amount of 
labour. (4) It must be silent to the extreme of what is 

racticable. (5)The maximum effort of which the engine 
is capable is not needed to be maintained for long at a 
spell. It seldom works at full power, and the brief 

uration of such effort explains the extraordinary 
reliability of even the inferior types of car engines. 
(6) Flexibility, giving a constant torque at a crankshaft 
speed from 300 revolutions a minute to 1,600 revolutions 
a minute. (7) Of course this is a torque which corre- 





and increase of weight, the other showing the ‘relation 
between temperature and depth of penetration of 
carbon. Micrographs Nos. 4 to 7, inclusive, show 
very clearly the increase of carbon absorption with 
temperature, 

Both the curves in Fig. 5 show a change of slope in the 
es of 910 deg., which, interpreted in terms of solu- 
bility, must mys th less solubility in beta iron existin 
below 910 deg. than in gamma iron existing above 91 
deg. At some point between 725 deg. and 810 deg. the 
process of carburisation no longer takes place. Although 
~ point has been ps between 725 deg. and ‘810 

., it is not unreasonable to suppose that t 
rm the beta to the alpha ante ten 
this phenomenon. 

Series 10.—The prepnee of this series was 910 deg., 
which was maintained constant, as were all other condi- 
tions excepting pressure, which was the variable. (See 
Table VIII, page 448.) 

The curves shown in Fig. 6 never become parallel to 
the axis, but approach parallelism at 115 Ib. The 
increase of weight curve requires no explanation. Pres- 
sure increases the absorption of carbon, rapidly as the 
pressure is first increased. Afterwards at higher pres- 
sures increments of pressure seem to have but little effect 
on the amount of carbon absorbed. 

The depth of case curve, Fig. 8, has been plotted in 
two brane which in reality are two curves overla: 
to the point A. Curve OAB is the total depth of case 
eurve. Curve OAC is the curve in which the ordinates 
are the thickness of the eutectoid and hypo-eutectoid 
layers. The region BAC is a hyper-eutectoid zone. 
From these two curves the conclusion is evident that any 
increase of thickness of case caused by raising the 
pressure above 25 lb. is due to an increase of the hyper- 
eutectoid shell and not to an increase of the lower carbon 
content portions of the case. 

Series 11.—This series was conducted at 800 deg. 
From the data in Table [IX two curves, Fig. 7, have been 
drawn, one showing the relation between change of 


e change 
some influence on 





ponds to a very low mean effective pressure, namely, 
801lb. (8) The compression is relatively low and the 
valve area small, the cam forms being easy and the valve 
springs light. (9) The system of lubrication, wherein the 
oil is carried in the base-chamber of the crank case, 
suffices. (10) The maximum horse-power required to be 
developed by any one engine rarely approaches 100. In 
the vast majority of cases it does not exceed 30. By 
contrast, the factors governing the oe of an aircraft 
engine may be enumerated thus :—(1) Weight is of prime 
importance. (2) Cost is not the deciding factor provided 
the necessary amount of power is obtained for the given 
overall dimensions of the engine, for its weight both as 


regards material and fuel, water and lubricant con- 
sumption; and that the desired de of reliability is 
obtained. (3) The amount of labour necessary to 


produce a satisfactory aircraft engine of high output is, 
and will be, always many times what is necessary in the 
case of a car engine, and is a matter of seconda 
importance provi the desired Its are obtai 
No machining is too expensive if it saves weight. (4) 
Silence is relatively unimportant. (5) The aircraft 
engine does all its work at practically full power. (6) 
Flexibility, or constancy of torque, is of very a 
Tr 





importance, because an aircraft engine is required to wo 


at practically one speed only, or, at most, at an ext y 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scotch Steel Trade.—The pressing demand for al] 
classes of steel being so very great, numerous manufac- 
turers are experiencing considerable difficulty in fulfilling 
the orders in hand with anything like the required 
promptness. Great things were expected when al! the 
new plant was in working order, but unfortunately the 
shortage of labour has occasioned so great an amount 
of delay that the extensions and additions being made 
are not = of the contemplated value. The entire output 
in the West of Scotland is swallowed up immediately 
upon production. The work undertaken by the Clyde 
shipbuilding yards for the Shipping Controller and the 
Admiralty is another very heavy source of demand, large 
quantities of steel being in constant request alike for these 
orders and those of other Government departments. 
While home rates remain unaltered, those for export are 
in many cases purely a matter of arrangement, although 
the current quotations for steel ship plates are about 
141. 58. per ton, for boiler plates 15/. 12s. 6d. or there- 
abouts, and for angles 141. 2s. 6d.; all, of course, subject 
to grading. 


Malleable Iron Trade.—Malleable iron makers are still 
so well supplied with orders that the greatest activity 
prevails, every mill running at its fullest capacity. Most 
of the work, of course, is on Government account, either 
directly or indirectly, export being in the meantime 
practically a sealed book. The limitation of facilities for 
es contribute in no small degree to this falling-off 
in the matter of export, at least so far as the iron pro- 
ducts are concerned, steel, owing to Government restric- 
tions, being still barred from shipment abroad. Prices 
keep steady, the current quotation for “Crown” bars 
still standing at 15/. 5s. per ton. 


Scotch Pig-Iron Trade.—During the week little change 
has taken place in the pig-iron trade, makers being very 
busy, and the demand for all grades, particularly hematite, 
continuing unabated, principally for home consumption. 
Forge and foundry iron are also much in request, although 
No. 1 is still very scarce. Shipments abroad are virtually 
at a standstill, no licences being granted for neutrals, 
and only small quantities going to the Allies. No change 
has taken place in price, either for home or export. 


Resignation of Clyde Labour Official—Much regret is 
being expressed at the resignation of Mr. W. G. 
~——— delegate of the Boilermakers’ Society, who, 
in view of his acceptance of an appointment as technical 
adviser to the Shipbuilding and Engineering Employees, 
is severing his official connection with the various labour 
activities with which he has been closely identified for 
some years. Mr. Sharp has held several important 

ositions in the local trade-union movement, having 
ee chairman of the Clyde District Committee of the 
Engineering and Shipbuilding Trades Federation, and 
also of the Labour Advisory Board in the Clyde area. 


Mid-Scotland Ship Canal.—In view of the fact that 
details and estimates for the pro Mid-Scotland Ship 
Canal from the Forth to the Clyde, via Loch Lomond and 
Loch Long, are now complete and, having been submitted 
to a Government Department, have nm favourably 
considered, meetings have been held in Glasgow during 
the past week to protest against this route being selected 
in preference to ‘‘the direct route, which would secure 
a navigable passage between the North Sea and the 
Atlantic.”’ It was pointed out that, both for the purposes 
of State and of commerce the direct route would be the 
more advantageous of the two, and a resolution to this 
effect was » arrangements being made to send 
copies to the First Lord of the Admiralty, the local 
Members of Parliament and the town clerk. 


rp, 





NorweEcIANn SHrpsui_pine.—In 1916 there were built 
in Sweden 46 steamers of 37,478 tons gross register. 
The Aktieselskapet Fredriksstads Mekaniske Versted 
headed the list. 





PROPORTIONING CONCRETE.—In a recently read 
before the Concrete Institute Mr. H. C. Johnson observes 
that the amount of cement in a 1: 2:4 concrete may 
range between 18 per cent. and 24 per cent. of the total 
volume of the mixture. For example, if gravel be used 
as the aggregate in one case and broken stone in another, 
130 tons of dry cement would be required for the broken 
stone concrete where 100 tons would suffice with the 
gravel aggregate. On the other hand, the gravel 
aggregate would be 12 per cent. to 15 per cent. weaker. 
Further, a }-in. aggregate concrete is stronger than one 
made with }-in. aggregate, and 1}-in. eggregate is stronger 
than either. Volume for volume, the surface of the 
}-in. aggregate is 500 per cent. more than that of 
1}-in. aggregate. He suggests that in place of specifying 
1:2: 4 concretes regardless of the aggregate, the specifi- 
cation should provide that the volume of dry cement 
used should be a specified proportion of the total final 





narrow range of speed. (7) But its working range of 
is such as to call for a very high brake mean 
effective pressure, say, 1301b. (8) The compression must 
be relatively high and the valve area large, while the 
valve springs must be stronger than for a motor car, due 
to the cam form imposed. (9) The high mean effective 
ressure necessary, coupled with the fact of the engine 
x nearly all its work at full power, involves a com- 
pletely different point of departure in determining details 
of design and, notably, the exploitation of new method 


volume of the mixture. is would make the weight 
of cement used the same per cubic Seaterer aoe 
a te. With la aggregat e suggests tha 
ap plpeten of untaull be diminished, being fixed 
by the “workability” and weight per cubic foot of the 
concrete. Tests made in this connection show, the 
author states, that the percentage of cement to the total 
volume closely governs the strength. Incidentally ‘+ 
is noted that the washing of average aggregates 
i the strength of hand-mixed cement by 30 per 








of achieving lubrication. Experience has demonstrated 


abundantly that when the base-chamber is used as an 
oil well, as in motor-ear practice, the lubricant soon 
becomes too hot, therefore too fluid ; hence the evolution 
of the dry sump system for lubricating aircraft engines. 





cent. to 40 per cent., whilst with machine mixing the gain 
is but 15 per cent. to 25 percent. It was also found that 
when the quantity of cement per cubic foot of mixture 
was the same, gravel concrete was as strong as broken 
stone concrete. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—There is no pronounced 
change on the week, for there is still a t excess in 
the quantity required compared with the tonnage on 
offer. .The easement in the house coal market is only 
slight on the whole, and does not materially affect the 
general position. The largest demand exists for the best 
qualities of steam hards. Works and railway companies 
have placed big orders, both on account of contract and 
in the open market, but there is not much possibility of 
all requirements being satisfied at present. There is 
little at all offering outside contracts, and the bulk of 
this is being diverted to export, where the prices accruing 
are about 8s. more than those for inland sales. Gas 
companies are sharing the general difficulty in getting 
supplies, though their contract orders are arriving fairly 
regularly. The market for cobbles, nuts and slacks is 
very brisk. Gas and furnace cokes are in great demand, 
and prices remain at top values. Quotations :—Best 
branch hand-picked, 20s. 6d. to 21s. 6d.; Barnsley best 
Silkstone, 18s. 6d. to 198. 6d.; Derbyshire best brights, 
18s. 6d. to 198. 6d. ; Derbyshire house coal, 17s. to 18s. ; 
best large nuts, 168. 6d. to 17s. 6d.; small nuts, 15s. 6d. 
to 16s. 6d.; Yorkshire hards, 16s. 6d. to 178. 6d. 
Derbyshire hards, 16s. to 17s. ; best slacks, 128. to 13s. ; 
seconds, 10s. 6d. to lls. 6d.; smalls, 7s. 6d. to 8s. 6d. 
per ton at the pit. 


Tron and Steel.—The expected advance in the maximum 
price for common irons has not yet taken place, and there 
is a belief that the makers will have to make out a good 
case before anything definite will be done in the matter. 
A new departure, and one not altogether expected, is the 
request on the part of the manufacturers of high-speed 
steel for an increase in the prices allowed to be charged 
for their product. At the present there is a specific 
scale for high-speed steel containing either 14 per cent. 
or 18 per cent. tungsten, but the makers of the better 
quality contend that they are not oa. sufficiently 
repaid by these rates in view of the gradually advancing 
prices they have to pay for base materials. It was long 
ago a matter of dispute between the Government, as 
represented by the Ministry of Munitions, and the firms 
that the fixed tariff did not repay makers for the pro- 


duction of the superfine high-speed steel, and that q 


something extra should be allowed for these grades. 
The Ministry never conceded the point, but it is considered 
that something may be done in the matter now which 
will remove the grievance the makers consider they have. 
At the present time the call for all qualities of high-speed 
steel is very heavy, and exacting demands are made 
upon the Hi h-s Alloys Company for the supply 
of the ry tungsten powder. It is estimated that 
the ore mines, both in Australia and Burma, are producing 
much more than was e ted under the most generous 
survey, and are likely to increase this yield in the course 
of time. The material market maintains its strong 
tone. Buying is on a large scale, and there seems to be 
no difficulty in works disposing of the full extent of their 
production, and at top values. The current quotations, 
with delivery at local works, are as follow :—Lincolnshire 
forge, foundry and basic, 97s. ; Derbyshire forge, 92s. 6d. 
to 93s.; Derbyshire foundry, 94s. 6d.; Bessemer acid 
billets, up to 147. 10s.; Siemens acid, 15/. 10s.; hard 
basic, 112. ; and soft basic, 101. 10e.to 111. Some classes 
of steel have an easier tendency, but, generally, there is 
tightness all round. There is not the same quantity of 
Swedish material offering as in the early period of the 
present year, owing to the somewhat scanty importations, 
but it is felt that the stocks in the country are in every 
way very substantial. It should not be forgotten that 
much of the Swedish material held in reserve is on 
account of contracts made for some time ahead, and is, 
therefore, not for disposal on the open market. Glasgow 
Corporation has placed tramway track work with a large 
firm here. Beyond direct war work, which only amounts 
to a small proportion of the bulk of orders received, the 
cutlery ond plate firms are limited in their activities for 
want of material. Overseas trade continues to be good. 
The latest indents are for tools, files, saws, picks, hammers, 
sheep shears, hardware, grinding machinery, steel and 
cutlery. 

Sheffield University—The Court of Governors of the 
Sheffield University met on Monday, May 7, when new 
ordinances relating to the establishment of the new 
faculties of engineering and metallurgy, in place of = 

e 








combined one of opp ied » were adopted 
vice-chancellor, Professor Ripper, in proposing the 
adoption, mentioned that Mr. W. H. is, the Master 


Cutler, and a member of the firm of Messrs. John Brown 
and Co., and Mr. G. Blake Walker were to be members 
of the faculty of engineering, and exp pleasure 
that it had been possible to include two such valued 
members of the University Council and such distinguished 
members of the engineering profession. A second point 
to which he directed attention was an alteration of 
interest to the pupils, He said that in the past the day 
students had not m able to obtain the associateship 
of the university, which was a distinction of some value 
to the young engineer, They had not taken a sufficient 
number of lectures or attended a sufficient length of time 
to qualify them for the examination. On the other hand, 
evening students had had in the past, and still had, the 
power to take the associateship if they attended long 
enough, the minimum period being four rs. It was 
now pro that day students who came from the works 
should allowed to attend for a fourth year, and 
accordingly qualify for the associateship. It was 
believed that this alteration would be greatly appreciated 
by both the students and the firms. 





WotrraM In Bortvia.—Wolfram ore totalling 49} tons 
was mined in the Aramayo Francke mines last year, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade—There is a good deal of 
activity in Cleveland pig-iron, but it is almost entirely 
of the stereot kind to which traders have b 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The coal market has recently been somewhat 
erratic. Towards the end of last week there was an 
appreciable advance in the quotations, and a firm under- 
tone prevailed until Tuesday of this week, when there was 





accustomed, ere is no dearth of iron, and under the 
May allocations, which are on such a scale that all 
applications are being met, deliveries to home users and 
to customers in Scotland are proceeding smoothly, and 
promise to be very hea this poo Sy The recent 
inarked improvement in the truck supply is greatly 
facilitating distribution. Inquiries from abroad do not 
lead to much business, owing to the tonnage situation. 
a to our Allies are in arrear, but iron is being 
loaded as expeditiously as circumstances permit. For 
home consumption No. 3 Cleveland pig, No. 4 foundry, 
and No, 4 forge are all quoted 92s, das and No. | is put 
at 96s. 6d. ; and for shipment to France and to Italy 
No. 3 is 102s. 6d., No. 4 foundry 101s. 6d., No. 4 forge 
100s. 6d., and No. 1 107s. 6d. 


Stocks of Cleveland Pig-Iron.—Makers’ stocks of 
Cleveland pig-iron are not known, but they cannot be at 
all large, and the quantities at consumers’ yards are 
understood to be small. The stock in the public warrant 
stores has shown no change since the 30th of last month, 
when 120 tons of No. 3 were withdrawn, and stands at 
1,997 tons, composed of 1,991 tons of No. 3 quality and 
6 tons of other descriptions of iron deliverable as standard. 
There are now warrants in circulation for only 1,750 tons, 
all of which is No. 3 iron, 


Hematite Iron.—Little new is ascertainable concerning 
the East Coast hematite branch of the pig-iron trade. 
All legitimate home needs are receiving adequate 
attention, and deliveries are now regular, whilst negotia- 
tions for further contracts are proceeding, but foreign 
business is very quiet. Sellers still protest that recog- 
nised market rates, and especially those for export, 
were much below what they should be under the 
conditions prevailing, and they are more pronounced 
than ever in their claim for advances. Opinion continues 
to differ as to whether the authorities will sanction higher 

uotations, but the general view is taken that the 
situation demands some readjustment. Nos. 1, 2 and 3 
are 122s. 6d. for home use, 137s. 6d. for shipment to 
France, and 142s, 6d. for export to Italy. 


Coke.—Values of descriptions of coke needed for the 
blast-furnaces are kept at the fixed maximum prices 
notwithstanding the plentiful supply. Home demand 
is heavy, local requirements being very considerable. 
Average furnace kinds are 28s. at the ovens, and low 
phosphorus qualities 30s. 6d. at the ovens. 


Manufactured Iron and Steel.—Finished iron and steel 
manufacturers are very busily employed, and are still 
increasing output. Government needs absorb the 
greater portion of production, but the manufacture of 
mercantile shipbuilding material is heavy and growing. 
Quotations all round are very firm. The following are 
among the principal market quotations to home 
customers :—Common iron bars, 13/. 158.; best bars, 
141, 28. 6d.; best best bars, 141, 10s.; iron ship plates, 
132. 108, to 142, 10s.; iron ship angles, 131. 158.; iron 
ship rivets, 18/. 10s.; packing iron and steel (parallel), 
131.; packing iron oak cael (tapered), 151, 58.; steel 
bars (no test), 147. 10s.; steel ship plates, 1ll. 108. ; 
steel ship angles, 111, 2s. 6d.; steel ship rivets, 20. and 
upward; steel boiler plates, 127. 108.; steel joists, 
112. 28, 6d.; steel strip, 17/.; steel hoops, 17/. 10s.; and 
heavy sections of steel rails, 10/. 178, 6d, 


Blast-furnacemen’ s W ages.—A claim by blast-furnacemen 
for ls. per day additional war bonus was considered at a 
joint meeting of Cleveland Ironmasters and the execu- 
tive of the Cleveland and Durham Blast-furnacemen’s 
and Cokemen’s Association, held at Middlesbrough this 
week, and it was agreed to de that t to all 
men whose wages are not regulated by the sliding scale. 
The ironmasters were not prepared to concede a similar 
advance to the sliding-scale men, but made an offer to 
double the war bonus nted to all sliding -scale men 
in March, 1915, This the Blast-furnacemen’s executive 
refused to accept, and the men’s association intends to 
request the Ministry of Munitions to deal with the 
question. 








Canats.—In England and Wales there are 3,639 miles 
of canals and in Jreland 848 miles. Of these, 1,363 miles 
are owned by railway companies. In England and Wales 
there are 2,377 locks, and 16 tunnels between 1,000 yards 
ana 3,808 yards in length. 





British Macnetos: ADDENDUM.—With reference to 
the article on “ British Magnetos’’ which appeared on 
page 405 ante, and to the statement made therein that 
the fine varnished silk used for insulating the armatures 
was imported from America, we are informed by Messrs. 
Abbott, Anderson and Abbott, Limited, of Dod-street, 
Burdett-road, London, E. 14, that they are makers of this 
material, and are now supplying it to Government orders 
for aeronautical pu . The firm have also sent us 
samples of varni a silks and cambrics of their manu- 
facture, which appear to be of excellent quality, and 
they inform us that the insulating properties of their 
varnished silk are such that a sheet 4 mils in thickness 
will withstand a pressure of 8,000 volts, whereas a similar 
specimen of American manufacture broke down at about 
4,000 volts. We are pleased to give publicity to these 
facts, which show that British magneto manufacturers are 
not dependent upon imported supplies of this material. 


exper a sharp reaction in the quotations of practi- 
cally all descriptions of coal. Sellers were asking for 
30s. for second Admiralty descriptions, but were ready 
to agree orn t sales at 1s, or more under that figure. 
Monmouthshire Western Valleys changed hands at less 
than 27s. 6d., while cargo smalls were done under 13s. 6d. 
The cause for the sudden change was the slump in the 
supply of tonnage. The immediate effect of this shortage 
was the release of Admiralty coals, but the market has 
little use for released coals where there is no ship ing to 
carry it away, and the offers of supplies at sodeendl rices 
meant nothing more than an attempt to secure sufficient 
empties to keep the pits at work. There were salesmen 
who were prepared to adhere to the limitation res 
at the expense of idle days at the collieries, for below 
those figures, at current cost of production, it is unre- 
munerative to work the South Wales collieries, Sales- 
men, however, feel that they cannot act independently, 
and it is feared that it will be by a system of xed rices 
that the evil of selling at a loss can be avoided. Though 
still on the easy side, the market by Wednesday was not 
quite so weak, second Admiralties being 27s. and 27s. 6d., 
and inferior qualities slightly lower, but little or no 
disposition was apparent to accept orders even for next 
week at these lower levels, Hopes are entertained of 
a better supply of tonnage at an early date. For best 
bunker smalls 20s. is still being quoted firmly, and this 
price is being obtained, but pr A descriptions of smalls 
are appreciably easier, with the inferior drys ruling 
down to about 12s. 6d. or 13s. Quotations for coke, 
fuel, pitwood and iron ore remain at their fixed levels. 


Newport.—As far as possible salesmen are endeavouring 
to resist reaction in prices by adhering to their limitation 
quotations and declining to sell eheod at the price offered 
by buyers. In isola cases, however, collieries have 
been prepared to accept on the basis of about 27s. 6d. 
for Western Valleys, and at a shade lower figure for 
Eastern Valleys. The — of reduced tonnage supplies 
is likely to prove one of short duration, and the market is 
anticipating an improvement in the supply of shippin 
next week, Through coals are easier in sympathy, an 
smalls are also obtainable at figures from 1s. to 3s. 6d 
under those prevailing last week, 


Regulation of Coal Traffic.—A scheme has been 
arranged by the District Coal and Coke Supplies Com - 
mittee for South Wales and Monmouthshire, and Mr. 
I. J, Anthony, the district inspector, appointed for the 
direction of coal traffic in the district. ng to reduced 
railway facilities, and with the object of reducing to a 
minimum the mileage in the tra: rt of coal, it has 
been arranged that the coal produced in the South Wales 
coalfield ll, as far as possible, be shipped at the 
nearest port to each colliery, and that home consumers 
should obtain their fuel requirements from the nearest 
sources of supply. A detailed schedule has been prepared 
giving the names of collieries and colliery companies, and 
the ports at which the coals | aes at such should, as 
far as practicable, be shipped. 


The Supply of Pitwood.—The Controller of Mines has 
just completed a scheme by which the control of pitwood 
supplies for the different collieries is placed under the 
direction of local committees. For South Wales the 
committee will consist of Mr. J. Dyer Lewis (the Chief 
Inspector of Mines) as chairman; Messrs. B. Nicholas, 
Evan Williams, W. North Lewis, W. Stewart and Finlay 
A. Gibson (representing the Coalowners’ Association) ; 
Mr. J. W. Randall (of the Dunraven Estate), representing 
the forest owners; Mr. A. J. Griffith (Bute Docks, 
Cardiff), representing the Admiralty ; and Mr. H. A. A. 
Phillips (Swansea), as technical adviser to the chairman. 





Rattway SLEEPERS.—A report from Nicaragua states 
that the country provides 16 varieties of timber suitable 
for me A ~% > . A million sleepers a year could be 
obtained from the Conseguina Peninsula alone. Rough- 
hewn sleepers, 7 in. by 8 in. by 9 ft., would cost about 
20d, alongside ship, At Corinto the price would be 
increased by railway charges and wharfage, &c. 





Dynamo-CoMMUTATION AND FRAME VIBRATIONS.— 
Trouble with the commutators of dynamos and electric 
motors is sometimes merely due to the vibration of the 
base. The Electrical World of February 24, 1917, 
reports one such case, in which elaborate adjustments 
were tried until a steam-turbine man notii that oil 
was breathing out between the bearing cap and the 
pedestal of the middle bearing. Two iron wedges were 
driven under the centre of the base on opposite sides of 
the machine; the sparking ceased, and the note given 
out by the machine hesnans different. 





Rattway Snow Fences.—The Minneapolis, St. Paul 
and Sault Ste Marie Railway is experimenting with 
screens of trees to act as snow fences. Eight rows of 
trees are planted on the north side of the line and four 
on the south side. The rows are 8 ft. apart, and the 
trees in the rows 3 ft. to 4 ft. apart. ees | from the 
line on the north side the rows are respectively willow, 
willow, willow, willow, box — oe ash, poplar and 
ca, na. The prairie is plo and harrowed twice, 
and t left till next year. elve men in a ten-hour 
na ine, 

tato planter, was devised by which 
be planted in a day at a cost of ld, 


day planted about 2,000 trees at first. 
something like a 
20,000 trees coul 





apiece, 
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CEMENTATION BY GAS- UNDER 


No. 3.—Armco Iron Carburised 4 hours in 
C,H, at 1000° C. 


GERMAN STANDARD ROLLED Sections.—The scarcity 
of labour, as well as that of iron and steel, has made it 
expedient for the German Government to modify the | 
extensive list of standard rolled joists, girders, and other | 
sections. To this end the principal consumers have been | 
officially asked to make selections of the most useful and | 
necessary sections, and from the data thus accumulated 
a new standard list has been compiled. By an official 
decree, all specifications for structural, as well as other 
engineering work, issued on and after January 10, 1917, 
are compelled to be confined to the sections in this 
new schedule. The reason for this movement is obvious, 
as it involves the keeping of a smaller stock, quicker | 
delivery, and less waste. The H-sections, which used to | 
be in evidence | 


in 50 to 60 different sizes, are now | 
reduced to 18, whilst the channel sections, which used 
formerly to be rolled in 30 to 40 sizes, are now confined 
to 12, and all other sections, such as angles and tees, are 
reduced in like manner. Much time will thus be saved 
in changing rolls, and. the output of the mills will be 
fe we without any additional demand for skilled 
our, 


GereMaNn Paper Prpges,—An interesting example of 
the many efforts made in Germany to counteract their | 
shortage of raw material is the manufacture of paper | 
pipes, and the official experiments which have been made | 
with these substitutes he iron piping are not without 
interest. Though these experiments have not yet been | 
concluded, we learn that one kind of paper pipe, known 
as the “‘Pertinax”’ pipe, is built up of paper strips wound 
spirally round a core-pin and secured in that position 
by saturation with a synthetic gum, and afterwards the 
coré-pin is withdrawn. During this process both heat | 
and pressure are applied. The tests, so far as they go, 
show that such paper pipes will resist an internal pressure 
three to four times as great as that of lead pipes of nine | 
times the weight of the paper pipes. In comparison with 
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PRESSURE. 


(For Description, see Page 447.) 


No. 9.—810° C. = 40 lbs. 


4 No. 10.—810° =65 Ibs. 


3 


SS eat 


No. 7.—1020° C, No. 12.—810° C. =115 lbs. 

Nos. 8 to 12.—SHowrna Deptru or Car- 
BURISATION OF ArRMCO IRON EXPOSED TO 
ILLUMINATING Gas aT 800 Dea. C. To 810 
Dea. C., UNDER DIFFERENT PRESSURES. 


Nos. 4 To 7 sHow Deprun or CaRBURISATION OF 
Armco Iron 1n Ittumtnatinae Gas at TEM- 
PERATURES FROM 720 Dra. C. to 1020 Dra. C. 
AT ATMOSPHERIC PRESSURE. 


copper pipes under similar tests it was found that pipes | Some of the more recent examples of these pipes are 
of the same weight can withstand the same internal being tested with hot water under pressure. As the 
pressure. As regards the behaviour of the pipes towards | gum used for the latest developments of these pipes will 
the substance conveyed in them it is believed that they resist oil, it is intended to use them for lubricating pur- 
will be a success for gas and oil. It has been ascertained | poses, especially as they can be made of diameters as 
that some of the earlier types of paper pipes absorbed a | small as j in. to } in. ; it is also intended to employ these 


| great deal of moisture, but this, it is stated, can be pre-| pipes, in addition to their use for gas, for insulating 


vented by a more perfect saturation and a judicious | electrical wires, in a similar way to that in which lead 


choice of the medium with which they are saturated. | pipes are now used. 
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THE DETERIORATION OF TURBINE BLADING. 











(For Description, see Page 461.) 
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Fig. 21. 
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THE SCARCITY OF MECHANICS. 


THE deficient supply of skilled men is acutely 
realised and is exercising the minds of all who 
employ mechanics. Actually the scarcity of good 
men is part of the larger problem known as 
the industrial system; which latterly has been 


this | criticised, mostly in an adverse sense, by numerous 


writers and speakers. Good mechanics are rare— 
they never have been plentiful—and such rarity is 
increasing ; reasons for the scarcity are numerous, 
but a rational solution or remedy is difficult to 
prescribe. The question is universal, since in a 
more or less acute form it is present in every manu- 
facturing country. 

A man having the mentality, dexterity and 


455 | character taken for granted or implied in the term 


skilled mechanic, or competent all-round craftsman, 
is prima facie a competent individual in a much 
wider manner than in a purely trade sense. It 
may be said, without fear of contradiction, that a 
capable mechanic is at least the equal in most 


459| respects of 95 per cent. of the population. The 
4go | CTaftsman is the backbone of all industry, and the 


interest to be found in the origination of mechanism 
and mechanical products has probably no parallel 
except, perhaps, in those occupations distinguished 
as artistic. Natural aptitude, large mentality, 
resource, initiative, grit, character—all matters 
which make a man worthy of respect—are the 
inalienable possession of the man who becomes an 
expert mechanic. 








The engineering trades are truly democratic in 
spirit—few industries produce more able critics 
from the ranks. The difference between the man 
at the bench and those who supervise his product 
is one of degree, not of kind. Such difference is not 
great, nor is it fundamental. The leaven of the 
metal-working industries is the skilled man—it has 
been the mechanic who has placed engineering 
effort in its present position in the community. 

There is one matter for congratulation in the 
existing conditions. Good mechanics were never 
plentiful, but present-day conditions have separated 
all men into two classes, those having skill and 
those without. Consequently, there has been a 
remarkable appreciation in value, the intrinsic 
worth of real skill has never been so realised as now. 
It is contended that unless steps are taken to enable 
men to acquire real skill invention will be paralysed, 
improvement and progress strangled, national 
industry will be forfeited, and some time or other 


be | will have to be rebuilt upon its old foundations. 


The unprecedented expansion of the last 2} years 
has already made the value of those who under- 
stand the practical side of industry, who have special 
aptitude, experience and training, to become appa- 
rent even to the man in the street unable truly 
to assess values. This is to the good for the future. 
It has been commonplace to regard the workman 
as a person of little social importance. This un- 
warranted criticism and view is rapidly passing 
away, and the change in attitude is welcome. 
Due to newspaper publicity, the general tone is 
changing—men who appreciate one ten-thousandth 
of an inch and make possible the mechanical side of 
war have been duly advertised. There will now be 
no excuse for the former point of view toward the 
skilled mechanic on the part of the general public, 
They always knew they were as much set apart for 
special ends as the doctor, lawyer or preacher, 
but the notice now focused on theni, to the exclusion 
of the rest, is in part an apology for neglect of 
their interests. 

The trade status of the engineer workman having 
changed there is a possibility that the career 
which starts at the bench may become popular 
enough to attract the desirable candidate. Un- 
fortunately the opportunity of becoming skilled 
is getting more limited every year. It is too 
little realised that the aspirant for engineering 
honours can make a much worse start than at 
the bottom. So long as there remains oppor- 
=|tunity to become a real craftsman there exists 
pleasure in manual dexterity. In former days, 
when the trade was more limited, it was also more 
exclusive, only those having special aptitude would 
be willing to put up with the onerous conditions 
prevailing. It led, however, to the survival of the 
fittest, and these were in deed and fact exceptional 
and. could be trusted to play their part almost 
anywhere. 

Modern methods of specialisation have created 
an unadaptable industrial population, and the 
trade is rapidly breeding inferior labour, yet wonder 
is expressed at the scarcity of mechanics. In any 
other sphere the eugenic law as to descent would 
possibly be appreciated. How can we have 
mechanics unless we deliberately set out to produce 
them. Modern tendency is to commit industrial 
suicide. There are two outputs going on simul: 
taneously from any business, products and men ; the 
former earns profits, the latter serve a national as 
well as an industrial end. Plant can be extem- 
porised more rapidly than skill, but if the result is to 
materially reduce the production of skilled crafts- 
men, then the industry must ultimately be penalised. 

Academic training alone is no substitute, since it 
cannot produce the practical man of experience nor 
can it give manual dexterity of a high order. Ifthe 
industry takes no steps to foster one of the most 
inherent of human desires—skill in the use of tools 
it is going to decay and not to progress. More- 
over, the nation which does not produce skilled 
craftsmen is going to forefeit industrial pre- 
eminence. American industry is heavily in debt 
to imported mechanics who emigrated fully trained, 
these were the men who have made her a manu- 
facturing nation. In too many cases it is to be 
feared they left the country of their birth because, 
owing to prevailing conditions, there was little real 
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chance to climb higher. Such transference of energy 
is a national loss to their mother country, which 
loses citizens whose value is difficult to assess, By 
taking no thought for the morrow and letting the 
immediate present suffice, industry will forfeit its 
most active element from the ranks, from which 
nearly all that has been vital in engineering progress 
has come, 

It would be invidious to catalogue, but two 
names cannot be overlooked—James Watt and the 
Wright brothers—the first made possible the 
industrial revolution, the second solved the greatest 
mechanical conquest man has yet made. We owe 
aviation not so much to specialist scientific research, 
as to the effort of two mechanics impelled by an 
idea. Reduction of scientific discovery to practical 
ends is one of the most vital functions of the skilled 
mechanic, if he is discarded the connecting link in 
the chain of events will be lacking. 

If reward were all equal, there are thousands of 
skilled mechanics occupying superior positions who 
would gladly exchange, providing always that 
present conditions of work were revised and the 
hours shortened. There is a fascination about 
manual work which may be difficult to explain, 
but while there is less money there is more indepen- 
dence at the bench than in many other more 
envied situations. It is not unusual to find that 
although conditions are harder and resources more 
scanty, a good mechanic will prefer to work under 
repair conditions, or in a general and poorly 
equipped shop, rather than have greater comfort 
in a specialist plant where his latent skill is 
not exercised. It would, however, be lamentable 
if repair work alone afforded training, with tool- 
making the only alternative. 

Natural aptitude and preservation of their skill 
lead many mechanics to places where these are of 
greater moment and more needed, though the 
wages paid are not greater and by absence of piece- 
work may be less. The same conscious pride of 
craft makes many first-class men gravitate to tool- 
making. The simple operator may make more in 
a week, but there are few tool-makers who would 
change. No qualified man is going to settle down 
where the work is made too easy ; he is as proud of 
his ability as anyone else, and such pride is a lawful 
and desirable ion. 

That the investment in real skill is justified by 
results will not be controverted by those (and they 
are numerous) who from their beginning at the 
bench have risen to superior positions in the world 
of mechanical things. The existing scarcity may 
serve to make the resultant proportion larger than 
ever, while the fact remains that opportunity to 
acquire the desired end is getting more limited, a 
condition of affairs necessitating a remedy. 





PATENTEES AND THE PROLONGATION 
OF PATENTS. 

Lerrers patent for an invention are a monopoly 
which, by Common Law and by section 6 of the 
Statute of Monopolies, the Crown is permitted to 
grant for a term of 14 years to the true and first 
inventor or inventors of any manner of new manu- 
facture within this realm, which others at the time 
of granting such monopoly do not use. The grant 
of Letters Patent, therefore, vests in an individual 
the exclusive privilege of making, using, exercising 
and vending an invention and curtails the prima 
facie right of the public, for it excludes the public 
from using that invention even though they should, 
quite independently of the information contained in 
the patentee’s specification, make it for themselves. 
In equity the public should receive some con- 
sideration in return for the curtailment of their 
rights which the patent thus effects, and the 
consideration which the patentee gives to the 
public is a knowledge of the invention which they 
are at liberty to use freely after the expiration of 
the patent term. A patent may, therefore, be 
considered as, in effect, a bargain made by the 
Crown op behalf of the public on the one hand 
and the patentee on the other hand, according to 
which the patentee discloses the means ci putting 
the invention into practice for the benefit of the 
public, so that after the expiration of the term for 
which the monopoly is granted all may alike enjoy 
the benefits of the discovery and use it freely. 





As we have shown, a patent is a bargain between 
the Crown and the inventor, giving the latter a 
monopoly for 14 years as a reward to promote the 
disclosure of the invention in order that the public 
may have the benefit of it hereafter. The inventor 
is not rewarded purely out of regard ‘for his personal 
merit, but because the promotion of invention 
directly tends to be of great political and economic 
usefulness. 

The war and the conditions of affairs arising 
therefrom have raised problems, and one of the 
problems so raised has a very strong bearing upon 
the interests of inventors and those owning and 
controlling British patents. Parliament in its 
wisdom has given large and autocratic powers to the 
Government, and the Government, in pursuance of 
the powers so granted, has taken over the control of 
many manufacturing establishments in this country. 
The number of establishments so controlled at the 
present time reaches many thousands, and it is 
obvious that such control has had a great effect on 
the manufactures and the output of the country. 
Many of the controlled establishments were engaged 
in manufacturing and exploiting numerous inven- 
tions for which Letters Patent had been granted. 
The control exercised over such establishments has, 
in many cases, necessitated the abandonment of the 
manufacture for which the works were designed 
and intended and the taking up of the manufacture 
of what are called “munitions.” Consequently 
the war has prevented many inventors from having 
and enjoying the whole profit and advantage of their 
inventions; their patents have in effect been 
suspended and their monopoly terms have been 
shortened. These results are due to direct Govern- 
ment intervention, and, so far as we know, there has 
not been any suggestion that the Crown should 
compensate patentees with whom it has broken its 
bargain. We admit that the Crown has been 
unable to keep faith with patentees by force majeure, 
but that is no reason why patentees should not be 
compensated. 

Now the question is, how can the Crown com- 
pensate patentees ? Compensation is clearly con- 
templated in Section 29 of the Patents and Designs 
Act, 1907, in cases where any Government Depart- 
ment uses an invention for the service of the Crown, 
and we suggest that at least the same consideration 
should be shown where the Crown prevents the use 
of a patent. It is impossible to assess the loss 
which a patentee has suffered in money. The com- 
pensation should take the form of an extension of 
the patent term, and the extension of the patent 
term should be for a period equalling, or greater 
than, that which a patentee has lost owing to the 
present condition of affairs or direct Government 
action preventing the use of his invention. Every 
patentee has the right, towards the conclusion of 
the life of his patent, to present a petition for 
prolongation, but the procedure governing a petition 
for prolongation is not suitable for those patentees 
who should be compensated. Such a course would 
put patentees to a great deal of expense; matters 
wholly foreign to the breach of contract of the 
Crown would have to be considered, and questions 
of subject-matter and amount of profits made gone 
into. Further, a petition for prolongation cannot be 
presented until the patent term has nearly expired, 
and if the question of compensation be deferred until 
the end of the normal life of a patent, such event 
would, in many cases, not take place for years, and 
the patentee would be penalised and have difficulties 
with regard to evidence, which would not necessarily 
be easily accessible. We therefore think that a 
patentee, if granted compensation in the form of an 
extension of the patent term, should not be worried 
with questions that arise in a petition for prolonga- 
tion, and that he should not be compelled at such 
time to deal with matters that are not germane to 
the question of compensation. It would be much 
simpler to place patentees in such a position that 
they could make application for extension of their 
rights soon after the conclusion of war, when all 
evidence is easily available. and that patentees 
should have extensions as of right. 

Now the question arises what procedure should be 
adopted if our suggestion be carried out. We are 
strongly of opinion that in a matter of this sort a 
patentee should not be compelled to go to the 


courts for compensation. It is well known that any 
procedure before the High Court of Justice is 
necessarily expensive, tedious and slow. The 
Comptroller-General of Patents, Designs and Trade 
Marks should, in our opinion, be given the power of 
granting extensions as compensation. The Comp. 
troller has, under the Patents Act, the power to 
revoke a patent; he has also the power to restore 
a patent; why, therefore, should he not have the 
power to compensate a patentee and extend his 
patent ? The Comptroller is a very busy man, and 
we have a suggestion to make that would lighten his 
work considerably. During the war we have 
become accustomed to placing matters before 
committees or tribunals. We suggest that the 
question of compensation to patentees should be 
placed in the hands of a committee, on whose report, 
if favourable, the Comptroller should compensate 
the patentee by extending his patent. A panel of 
leading patent barristers and patent agents could 
easily be formed, and from such a panel committees 
or tribunals could be got together to consider each 
individual case. The procedure would not be costly, 
and now that the country is accustomed to the work 
of committees and tribunals, we feel sure that such 
a procedure would meet with approval. 

We have in the past made many suggestions for 
the improvement of our Patent Laws, and many of 
our suggestions have been adopted. Whether or 
not the proposals we now put forward be adopted, it 
is quite clear that inventors and the owners of British 
patents should take a personal interest in the 
question of compensation and that steps should be 
taken to impress on the Government the urgency of 
the question. 





TRADE CARD EXEMPTIONS. 

Ir is announced that the War Cabinet have 
decided to replace the various methods of pro- 
tection under which men of military age are at 
present retained on munitions and other work 
by a new system designed to protect the minimum 
number of men essential to output and to remove 
certain inequalities and anomalies created by the 
present systems. In other words, the trade card 
agreement is to be terminated. As explained in 
ENGINEERING of April 6, that agreement was made 
last year by the Government and the Amalgamated 
Society of Engineers. Ultimately 24 other craft 
unions became parties to it. Each of these unions 
was empowered to issue to its members cards of 
exemption from military service. Possession of a 
card provided absolute protection, and the Army 
Council issued instructions to recruiting officers 
that no man who produced a card should be removed 
from his work without specific authority from the 
War Office, which would not be given without refer- 
ence to the executive of the man’s union. 

Criticism of the agreement was most pronounced, 
especially by trade unions which did not share the 
privilege of issuing trade cards ; indeed, the scheme 
is known to have been the cause of bitter conten- 
tions between unions. Naturally the parties to the 
agreement were not desirous of having the trade 
card system terminated, and we understand that 
there were numerous conferences between repre- 
sentatives of the Government and of the trade unions 
before an understanding was come to. The Amal- 
gamated Society of Engineers, as the principal 
union concerned, announced by telegram last week 
that “delegates have reached agreement with 
Government and arrangements have been come to 
in connection with the Schedule of Protected Occupa- 
tions which provide adequate protection for skilled 
men and apprentices. Delegates urge there should 
be no stoppage of work.” 

In our former comments on this subject we 
expressed the opinion that the most effective scheme 
would be a revision of the list of scheduled occupa- 
tions, with provision for releasing young men first. 
This is what has been arranged, except that there 
is a new schedule of protected occupations applicable 
to men employed on Admiralty, War Office or 
Munitions work, or in railway workshops [M.M. 130). 
It contains a list of occupations or classes of work- 
men provisionally scheduled ; the ages below which 
men may be called up; and the interval of time to 





be allowed before men who are not scheduled may 
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be called up. The main divisions of the schedule 
are as follow :— 


. Shipbuilding and repairing and marine engineering. 
Mining and quarrying. 

Furnace firebrick making. 

. Coke-oven plant. 

Metal manufacture. 


om > 


machine making, erection, repair and maintenance 
of plant and machinery). 

Instrument making. 

Miscellaneous metal trades. 

Building, woodworking and allied trades. 

. Chemicals, drugs, explosives, oils, rubber, &c. 

. Leather trade. 

. Textile and allied trades. 

- Miscellaneous trades and occupations. 

. Light and power undertakings. 

Professional occupations and administrative staff. 


The protection afforded by the schedule is in 
some cases all-embracing, e.g., all classes of workmen 
who on March 29th last were engaged on shipbuild- 
ing, boat and barge building and repairs, and in 
marine engineering shops are protected. In other 
cases the protection applies to men of 23, 25, 27 or 30 
years of age and over, according to the relative im- 
portance of the various occupations. But the 
present schedule is provisional. It may be modified 
later if the Army’s need is again so urgent that a 
further release of men from the manufacture of 
munitions is found necessary, or if experience shows 
that the operations now performed by men pro- 
tected under the schedule can be undertaken by 
men not required for the army or by women. More- 
over, protection applies so long only as a man is 
engaged on Admiralty, War Office or Munitions 
work, or in railway workshops. There is also the 
further qualification that “the national need at 
the present moment does not permit of the retention 
in such work of any man of military age who does 
not devote his whole time and energies to it.” 

Employers of labour have been asked by the 
Ministry of Munitions for a return of all male 
employees who on January Ist last were over 16 
years of age and are still being employed, together 
with the totals of women and boys employed. 
The return, for which a special form is provided, is 
to show each man’s grade classification under the 
schedule. Here is obviously much room for 
differences of opinion. The Government proposes 
to invite the assistance of representatives of labour 
in deciding cases in which the status of a man under 
the schedule is doubtful. For this purpose the 
Enlistment Complaints Committees will be utilised. 

The lists of employees, marked to indicate the men 
for whom protection is desired by the employer, 
are to be sent to a new official—the Munitions Area 
Dilution Officer, whose office will be known as the 
Munitions Area Recruiting Office. All records con- 
cerning men in protected occupations, and all 
arrangements as to their release or retention, will 
be made in the Munitions Area Recruiting Office, to 
which also claims by employers or employees must 
be addressed. The responsibility for regulating the 
withdrawal of men from firms who are notified that 
they are classed as Admiralty or War Office firms will 
ultimately rest, as regards Admiralty firms, with 
the Admiralty representative of the district, and, 
as regards War Office firms, with the Director of 
Army Contracts or his local representative. Men 
who are not passed fit for general service (military 
medical category A) will not for the present be 
recruited, unless their record for absence from work 
is bad. 

A card to serve as a protection from recruitment, 
known as a scheduled occupation certificate, will be 
issued by the Munitions Area Recruiting Office to 
every man entitled to protection under the schedule. 
Men of military age who are not in an occupation 
covered by the schedule will also be supplied with 
a card should it not be intended to release them for 
inilitary service. 

An essential part of the scheme is the provision 
of substitutes, for which purpose the National 
Service Department will render assistance, a repre- 
sentative of that Department being attached to the 
Munitions Area Recruiting Office. Employers are 
invited to indicate the men for whom substitutes 
are required, and ef.ort will be made to supply them. 
But they are informed that the need of the Army 
for men is too urgent to admit of the release of men 
being delayed in every case until substitutes have 
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been provided, especially as the supply of male 
substitutes is likely to prove unequal to the demand. 
Employers are, therefore, urged to make every 
effort to fill the gaps, by employing women on all 
work which they are able to do and by transfer or 
rearrangement of labour within the works. 

Men who are released from Admiralty, War 
Office or munitions work, or from railway workshops, 
will be posted to line regiments if they do not 
possess the qualifications required for the technical 
units in the Army, or if there is no demand for them 
in any technical unit. Men released are to be 
called up in age groups, commencing with the 
younger men, thereby removing any ground for 
complaints of victimisation. 

Such is the scheme. Whether it will work smoothly 
or, indeed, at all must rest very largely with the trade 
unions. That some of them should resent the with- 
drawal of the trade card scheme is inevitable, but 
they cannot deny the necessity for so doing. Men 
are urgently needed for the Army, and there is no 
doubt that they are to be obtained from the ranks of 
craftsmen. The essential thing was that the 
younger men should be first taken, and this is 
secured by the new schedule of protected occupations. 





THE ELECTRICAL PROPERTIES 
OF GASES. 

On Saturday last Sir J. J. Thomson, O.M., P.R.S., 
delivered the first lecture of his annual course at 
the Royal Institution. These lectures have in 
previous years been given during the winter months ; 
but owing to conditions due to the war they have 
had on this occasion to be postponed till after 
Easter. 

In opening his lecture Sir Joseph Thomson said 
that if the measure of the importance of a scientific 
subject lay in its power to come to close quarters 
with the fundamental bases of physics and chemistry, 
then the subject he had chosen for his course had 
strong claims to be counted as one of the most impor- 
tant in the whole range of physics. He would justify 
this claim by anticipating a little certain results, 
to be established later on. Two of the most funda- 
mental questions of physics were: what was the 
nature of electricity ? and what was the structure 
of matter? Now the study of the discharge of 
electricity through gases was responsible for the 
view now taken as to the nature of electricity. We 
now knew that electricity was, so to speak, 
atomic in structure, that every charge of electricity 
was made up of an immense number of smaller 
unit charges, and we differentiated sharply between 
positive and negative electricity. We knew that the 
atoms of negative electricity were extremely minute, 
having a mass less than anything else known up till 
a few years ago. They had, moreover, the power 
of moving with velocities which fell but a small 
percentage below those of light. The positive units 
were much more massive, having 1,700 times more 
mass than the negative particles. This view had 
been arrived at by the study of the electric pro- 
perties of gases. 

As for the other problem, concerning the structure 
of matter, the same study had shown that beyond 
the chemical atoms which made up the mass of 
ordinary bodies still smaller systems existed, each 
chemical atom being a little universe comprising 
many planets and suns. We knew that some of 
these atomic constituents were particles of negative 
electricity and we could count the number in any 
atom. In addition to these very small negative 
particles there was an equivalent amount of positive 
electricity. Moreover, by methods which the 
electrical properties of gases put at our service we 
could determine the magnitude of the systems 
inside the atom with an accuracy approaching that 
with which we could measure the size of ordinary 
bodies. 

The study of the discharge of electricity through 
gases would, the speaker, proceeded, enable us to 
investigate problems of the greatest interest to the 
chemist. We wanted to know whether all the 
atoms of what chemistry recognised as elements 
were of the same kind. The evidence was that two 
atoms might show the same chemical properties 
and yet not be identical. One might, in fact, be 
more massive than the other. Since, however, the 
chemical properties were identical, it was impossible 





to separate the two by any chemical process. Hence 
in ordinary determinations of atomic weights we 
were not able to say whether we were dealing with 
anything but a mixture of two kinds of atom, 
although the weight of the one might not be the 
same as that of the other. The numbers given for 
the atomic weights might thus be vitiated by the 
fact that though similar in chemical properties the 
two were not identical as to mass. A sort of mean 
of the two atomic weights would thus be obtained. 

An important question, raised long ago by Prout, 
was whether all the atomic weights were multiples 
of that of hydrogen. In the course of these lectures 
reason would be shown for believing that Prout 
was not very far wrong, after all, if we gave a 
wider interpretation to what he meant by the 
hydrogen atom. It was of course impossible to 
maintain this if the experiments on atomic weights 
were interpreted in the most straightforward way. 
The values found were certainly not integral 
multiples of the atomic weight of hydrogen. [f, 
however, two atoms, chemically indistinguishable, 
had atomic weights of 2 and 3 respectively, a 
mixture of them might give an apparent atomic 
weight of anything whatever between the numbers 
2 and 3. Yet, nevertheless, the mixture would 
consist of units each an integral multiple of the 
mass of the hydrogen atom. It seemed possible, 
though in these strenuous times opportunity for 
proof had been lacking, that by a study of the 
electrical properties of gases new light might be 
thrown on this question of atomic weights. 

In the foregoing he had, he hoped, said enough 
to justify the importance of his subject, and he 
would now show a few experiments. The first was 
perhaps hardly an experiment at all, but merely a 
matter of common observation, viz., the extreme 
difficulty of getting a gas to have anything to do 
with electricity so long as the gas was in its ordinary 
condition. To this end he would use the electro- 
scope represented in Fig. 1. The essential parts 
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were the plate H and the gold leaf G set edge- 
wise to it and connected to the top plate D. Ifa 
charge was given to H the gold leaf was attracted 
and touched’ H, and then was immediately repelled. 
So long as it held the charge acquired at the:con- 
tact it stayed repelled, but if there was leakage 
from the top plate D it would on losing its charge 
be attracted again up to H and acquire a fresh 
charge. Hence with a steady leak the gold leaf 
would be set into a state of oscillation, alternately 
being attracted up to H and then repelled, The 
rate of oscillation was ‘a measure of the rate of 
leakage. 

So long as the top plate was surrounded by 
ordinary air there was, the lecturer proceeded, no 
appreciable loss of charge, and the gold leaf re- 
mained away from the plate. Many, Sir, Joseph 
proceeded, might ask why should any leakage be 
expected in such conditions. From the point of 
view of the nature of a gas its absence was, 
however, very remarkable. A gas consisted of a 
number of small particles, which were continually 
hitting the charged surface of the plate D and going 
off again. If they carried electricity with them 
they would act as so many little proof planes, yet 
jn spite of the fact that the plate was struck by the 
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molecules of the air millions and millions of times 
per second there was no appreciable loss of electri- 
city. Were these molecules able to take up a charge 
in the same way as a proof plane of the same size, 
the top plate would lose every vestige of its charge in 
Par of a second. Hence the retention of the 
charge was really much more wonderful than actual 
observation would induce us to believe. 

The lecturer next showed that there was still no 
loss of charge when the plate was heated and ether 
poured over it. The ether evaporated off but left 
the charge behind it. The vapour, in fact, seemed, 
he said, incapable of receiving a charge, or at any 
rate resolutely refused to do so in the conditions of 
the experiment. This experiment had, Sir Joseph 
continued, been carried to a much greater pitch 
of accuracy. In some experiments the ether had 
been replaced by mercury, and the mercury eva- 
porated off. The vapour still remained uncharged, 
although it was the vapour of a metal and came 
from a charged metallic surface. 

This experiment showed, Professor Thomson 
continued, one aspect of the behaviour of gases 
to electricity. If, however, a gas were subjected 
to suitable treatment, then it was quite ready to 
take up a charge and to conduct electricity. There 
were various ways of achieving this end. It 
was, for example, sufficient to expose the gas 
to the radiation from a radio-active body. The 
lecturer showed this by directing on to the plate 
D of the electroscope a blast from a metal pipe at 
the entrance to which a little radium had been 
placed. A rapid leakage of electricity was thereby 
established, as shown by the vibrations of the gold 
leaf. This proved, he said, that not only was it 
possible by proper treatment to put a gas into a 
condition in which it conducted electricity, but that 
it retained this condition for at least the time taken 
for it to pass down the tube. He next varied the 
experiment by connecting the outer wall of the tube 
to one pole of a battery, and a wire strung along the 
axis of the tube to the other pole. In this case he 
showed that the conducting power conferred by 
the action of the radium had been almost entirely 
lost before the blast reached the discharge end of 
the tube. 

From this experiment it followed, he said, that 
the conductivity of the gas was due to something 
mixed with it which was charged with electricity, 
as only charged bodies would be moved by the 
electric force between the central wire and the wall 
of the tube. In fact the process of making a gas 
into a conductor consisted in ejecting negative 
particles from its molecules. This could be done, as 
shown, by exposing the gas to the action of radio- 
active bodies. The Réntgen rays were also effective, 
as was also exposure to certain kinds of light. The 
peculiarity of the light effect lay in the fact that 
for success the wave-length must be less than a 
certain definite value which depended on the 
nature of the gas experimented with. Only light 
belonging to the extreme ultra-violet section of the 
spectrum was effective, and there was a sharp line 
of demarcation between the effective and ineffective 
portions of the spectrum. Red light, even if con- 
centrated by lenses till it was able to set things 
on fire, had no effect, whilst success’ was easily 
attained with ultra-violet light of quite feeble 
intensity. 

Radiation of still smaller wave-length was, the 
lecturer said, also effective. This was shown by the 
apparatus represented in Fig. 2. On the right of this 
is shown a horizontal tube containing one plate 
connected to earth and an opposing plate coupled 
up to a charged electroscope. Any current between 
these plates will cause the gola leaf of the electro- 
scope to oscillate. The end of this horizontal tube 
where it enters the vertical tube is covered gastight 
by a film of celluloid, so thin that it shows the 
colours of the soap bubble. The vertical tube is a 
special form of cathode ray tube, and on establishing 
a discharge between the upper and lower electrodes 
the lecturer showed that there was a current between 
the two plates in the right-hand horizontal tube, 
as was indicated by the motion of the gold leaf of 
the electroscope. The cathode discharge, he said, 
gave rise to radiations which passed through the 
celluloid window and rendered conductive the gas 
beyond it. 





He had already, Sir Joseph continued, shown 
that ordinary air was an extremely good insulator. 
When, however, the test was made with the greatest 
delicacy and care, it was found that air did not 
definitely refuse to conduct, but would convey a 


little electricity. This remnant of conductivity. 


was far too small to be shown in a lecture experiment, 
but had nevertheless given rise to an immense 
amount of work in every country and under every 
conceivable condition. The problem was to find 
what this residual conductivity was due to. The 
most natural view was to attribute it to the radium 
in the earth scattered through the rocks and soils. 

The conductivity of a gas, he went on, arose from 
the ejection of negative particles from the molecules. 
This residual conductivity of ordinary air showed 
that about eight molecules were thus affected per 
cubic centimetre per second. Since one cubic centi- 
metre contained 2.75 x 10 molecules, and only 
eight became conductors per second, it followed that 
if any particular molecule “wanted” to be split up, 
it might have to wait ten-million-million years before 
its time came. It was this extremely small effect 
which had given so much trouble, and occasioned such 
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heart-burnings and discussions in scientific societies 
throughout the world. As stated, it might be due 
to the radium in the soil, and accordingly tests had 
been made with vessels in ordinary rooms, or sunk 
ten to twelve feet below the surface of a pond ; in the 
middle of the Atlantic, and over the ice covering 
frozen lakes. In all cases this residual conductivity 
remained. The idea arose that it might be intrinsic 
to the air itself—that some of the molecules split 
up spontaneously like those of radio-active bodies. 
Just before the war, however, McLellan, of Toronto, 
taking advantage of the climatic conditions, re- 
placed the zinc vessel commonly used in the experi- 
ments with one constructed of ice, and found that 
the value of the conductivity was reduced to one- 
quarter of what it was when zinc vessels were used. 
It was now thought, therefore, that the effect was 
due to some trace of radio-activity in the zinc, 
either on the part of the metal itself, or of some 
impurity in it. The question had, the lecturer said, 
given more trouble than some of the most celebrated 
problems in the history of physics. 

The nature of the conductivity of gases was, Sir 
Joseph continued, at one time much misunderstood. 
With any ordinary conductor, if the length were in- 
creased the resultant current was enfeebled. This 
result was so familiar as to seem a truism. With 
gases, however, just the opposite happened. The 
thinner the layer of gas across which conduction 
occurred the less the current, and in fact the conduc- 
tivity was only appreciable when the thickness of the 
layer was substantial. This peculiarity was at the 
outset misunderstood. It arose from the fact that 
when a gas was rendered conductive by, say radium, 
every ion generated was made use of. By doubling 
the thickness twice as many were produced, and 
the greater the number of these particles the greater 
the rate of leakage, provided always that the force 
between the plates was sufficient to make all come 
up to the plates in the time available. 





NOTES. 
ALCOHOL FROM ACETYLENE. 
THEORETICALLY the preparation of alcohol from 
acetylene looks easy. By hydrogenation the 
acetylene C,H, can be converted into ethylene, 
C,H,, which is transformed into ethyl sulphonic acid 
by means of sulphuric acid ; hydrolysis then trans- 





forms the sulphonic acid into ethyl alcohol, C,H,OH. 
But neither this direct way, nor various indirect 
processes, appeared for a time to prove technically 
profitable, and so the manufacture of aleohol from 
calcium carbide, which, treated with water, yields 
acetylene, seemed to remain a problem. Within the 
last few years, however, several of the large German 
chemical works have taken patents on the prepara- 
tion from acetylene, by means of acid mercury salts, 
of aldehydes, which differ from their alcohols by a 
deficiency of two atoms of hydrogen. Whether 
and how far the preparation and hydrogenation of 
these aldehydes is at present being utilised in 
Germany we do not know. But the alcohol depart- 
ment of the Swiss Government has lately—in March 
anted a concession for the manufacture of 7,000 
tons of alcohol (more later) per year from calcium 
carbide to the Elektrizitatswerk Lonza, A.G., of 
Gampel (in the Rhéne valley) and Basle, Switzer- 
land. The works are to be opened within 18 months, 
and are to supply at least 2,500 tons of alcohol to 
the Government. The Lonza works are situated on 
the Lonza, one of the rivulets which come from the 
Létsch glacier ; the main river is the Létsch, which, 
flowing southward, joins the Rhéne at Gampel, on 
the right bank between Sion and Brig in the Canton 
Wallis (Le Valais). The construction of the 
Létschberg Electric Railway, which ends at Brig 
and joins on to the Simplon Railway, has drawn 
public attention to this district. The new alcohol 
works are to be erected at Visp, some miles up the 
Rhéne, east of Gampel. The process of the Lonza 
Company consists in passing vapours of acetaldehyde, 
CH,COH, mixed with an excess of hydrogen, over 
finely-divided nickel (catalyst) ; water and alcohol, 
CH,.CH,OH, are formed ; the former is frozen out, 
and the excess of hydrogen gas reacts again with 
aldehyde vapour. The Swiss patent on which the 
process is based is not yet available over here. 


Batt BEARINGs. 


The remarkable success of the ball bearing is one 
of the outstanding mysteries of applied mechanics, 
since the device violates a number of the accepted 
maxims of the art, in particular the late Professor 
Sweet’s precept that parts liable to wear should be 
designed so that they cannot wear out of shape, in 
which case they would not, he maintained, wear 
much. The extraordinary carrying power and 
endurance actually realised are a standing tribute 
to the care in construction and judgment in selec- 
tion of the materials shown by the manufacturers. 
Failures, few though they be in comparison with the 
number of bearings at work, are, of course, not 
unknown, and these failures formed the subject of 
a@ paper recently read before the Birmingham 
section of the Junior Institution of Engineers by Mr. 
G. F. Barrett, of the Hoffmann Manufacturing 
Company, Limited. Mr. Barrett observes that 
whilst ball bearing makers heard at once of any 
failure, nothing is said to them when the bearings 
prove satisfactory, and hence in fixing the loads at 
which their bearings are rated makers are com- 
monly much more conservative than users. The 
load-carrying capacity of the bearings depends on the 
number and size of the balls. The latter should be 
as large as possible, but is limited by the thickness 
necessary for the races. These must be stout 
enough to be safe from distortion by an outer 
housing not quite true, and from bursting if forced 
on to a shaft. The races must, moreover, be 
sufficiently heavy to be hardened without fear of 
cracking. These races are, Mr. Barrett states, best 
made of mild steel, as greater hardness can be 
obtained by carburising this than in any other way. 
A reasonably strong cage is necessary to retain the 
balls, as though a light cage suffices if the bearing 
is merely running under a steady load, it will not 
prevent bunching under shocks and jars. Some 
makers use a cage only 4, the ball diameter in 
thickness, whilst with others the thickness is one- 
third the ball diameter. The curvature of the races 
should be but little less than that of the ball. The 
excess of the race radius may be as little as 5 per 
cent., though with some makers the radius of the 
race is 20 per cent. greater than that of the balls. 
A ball bearing differs from a plain bearing in the 
absence of the film of oil, which is capable, under 
sudden shocks, of acting as a buffer between the 
opposing surfaces. With ball bearings there 1s 
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always actual metallic contact, and the stress 
developed at this point under a shock must be very 
great. In fact a weight of 4 oz. falling on to a 
ball from a height of 10 in. is sufficient to produce 
a permanent distortion of half mil. Nevertheless 
balls of this size are often used in bearings carrying 
loads of 15 cwt. The carrying power of a ball is 
commonly considered to vary as the square of its 
diameter, but Mr. Barrett says that experience 
shows that in practice large balls carry less than this 
rule would indicate, and suggests that the working 
load should be taken as proportional to the seven- 
fourth power of the diameter. In practice the con- 
ditions of use vary greatly, so that actual experience 
has to be relied upon to show the actual carrying 
power. Where mounted in light non-rigid housings, 
as in motor-car work, a lower factor of safety can be 
used than where ball bearings are used, say, for 
electric motor spindles. Here the ball race is fitted 
adjacent to a heavy rotor and in a very rigid cast- 
iron housing. In fact Mr. Barrett states ball 
bearings do not stand up at all well in the larger 
electric machines, and trouble has been met with 
even with those of more moderate size notwith- 
standing the adoption of a large factor of safety. 
For this work roller bearings are much more suitable. 
In aeroplane work a long life is not expected, and 
weights must be kept down, so that relatively small 
bearings are used. A valuable addendum to the 
paper is a list of suitable sizes of bearings both for 
light and heavy motor vehicles, based on the 
practice of the best English makers. 


Evier’s CotumN ForRMULA. 


In a recent issue of T'he Physical Review Mr. R. W. 
Burgess states that there is an error in the method 
usually adopted for deriving Euler’s formula for the 
strength of a column. The equation to the elastic 
curve is generally written as 


ay 
py = E!, EI. 7 ‘. 
p 1 +( ¥) 

dz 


Here P denotes the thrust on the column and y its 
deflection. It is then assumed that the term (Gf y 
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can be neglected, and the equation for the deflec- 
tion is then obtained in the form 


y = hcos “. 
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For small deflections the values thus found are, 


Mr. Burgess states, just one-half the proper values 
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The length of the axis of the column between 
y = hand y = Ois then 
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which by substituting the value just found for p 
can be expressed as an elliptic integral. The length 
of the column corresponding to a given value of h 
is by the true formula given by 
h2 
, tmra(1+ +a), 
and by the approximate formula 


1 fh? 
l=ra (1+ : = + te.) 
The shortening of a column due to a given deflec- 


tion is thus incorrectly given by the usual formula. 
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Graphics and Structural Design 


. By H, D. Hess, M.E., 
Professor of Machine Design, Sibley College, Cornell 


University. Formerly Designer and Computer for the 
Mechanical Department of the Pencoyd Iron Works 
and the American Bridge wer ey ember of the 
American Society of Mechanical Engineers. Second 
Edition. New York: John Wiley and Sons, Inc. ; 
London : Chapman and Hall, Limited, 1915, pp. 436. 


[Price 12s. 6d. net.] 

Tuts is a book prepared more particularly for the 
use of students, but intended also to be of assistance 
in practical design. The title does not fully indicate 
the scope of its contents, as the methods used are 
not wholly, or even chiefly, graphical. It deals with 
the design of many differing classes of structures, 
some not usually found in text-books. 

Beginning with a short chapter on materials, the 
major portion of which is, however, taken up with 
extraneous matters presuming a considerable ante- 
cedent knowledge on the reader’s part, the author 
proceeds in chapters following to expound the 
essential methods of graphic determination. The 
treatment of deflection curves is usefully extended 
to include the case of continuous beams. Many 
instructive cases of wind load on roof trusses are 
considered, from which the writer proceeds to the 
algebraic examination of ordinayy roof and bridge 
trusses. This is followed by a chapter on influence 
lines, a method of the greatest use when applied to 
rolling load effects. Columns are well considered, 
and long beams having no lateral support are dealt 
with, though somewhat cursorily. 

Having devoted about 100 pages to the above- 
mentioned matters the author proceeds to consider 
questions of design arising in special structures, as, 
for instance, girders for conveyors. Such girders 
are commonly very light, and for that reason need the 
most careful attention, as weak points in design are 
more likely to cause trouble than is the case with 
heavier work of stiffer sections. 

The estimating of stresses in bents or towers to 
carry pipes and cables is dealt with somewhat fully, 
particularly with respect to the effects of tempera- 
ture changes. Design of a steel mill building and 
of a railway plate-girder bridge is considered in 
detail, though in the latter case the author avoids 
all reference to the method to be adopted in deter- 
mining the web thickness, and with respect to 
intermediate stiffeners simply says they are not 
usually calculated. It is a candid confession— 
substantially true—but some indication of con- 
ditions to be satisfied might with advantage have 
been introduced. The design of plate web stiffeners 
is not indeed so hopeless a matter as it is sometimes 
made to appear. 

Two well-selected examples of crane frames are 
fully calculated, and girders for a travelling crane 
worked out in detail, including the effects of re- 
tardation in setting up lateral bending moments. 

The author, in estimating moments of inertia of 
the girder sections, adopts the usual procedure, 
giving this quantity for the net section, holes being 
deducted, There is involved in this method a 
fundamental though not serious error. That which 
determines stress in such a section, at the holes, is 
rather the stress correspondent to the moment of 
inertia of the contiguous unholed section of the 
girder, which stress is amplified by loss of section 
at the holes. The stress so resulting may, it 
becomes evident, be materially different from that 
ascertained by the method usually adopted. In 
the particular case considered the difference is 
small and in a safe direction, though in other cases 
the error may be material and give an exaggerated 
value. 

A chapter is devoted to reinforced concrete, the 
formule in common use being developed from the 
usual premises. An empiric expression for deflec- 
tion—due to G. A. Maney—is presented, which 
may be of use, though it seems to give results 
somewhat in excess. In this connection it is to be 
remarked that the flexure of reinforced concrete 
beams is commonly small, and cannot be arrived 
at having regard only to the stresses considered in 
estimates of strength. Any such beam is, accordi 
to usual practice, designed on one basis, but behaves 
in a manner regardless of hypothesis. The stresses 
in tension steel may be developed in full at any 
section of the beam, but commonly are not, tension 








steel and concrete acting together as compression 
steel and concrete are assumed to act. For practical 
parposes the deflection of such a beam may be 
deduced either by such a formula as the author 
quotes, introducing correcting constants, or by 
reference to concrete stresses at the top and bottom 
of the beam, supposing the steel and concrete to act 
homogeneously throughout the beam’s depth, In 
the design of continuous beams this matter becomes 
of importance, The author’s treatment of rein- 
forced concrete columns cannot be regarded as 
complete, the usual procedure for short columns 
only being advanced—this the author approves for 
ratios (inside steel) as great as 25 to 1—a somewhat 
hazardous teaching. Following some pages on 
foundations, the design of chimneys receives con- 
siderable attention. Retaining walls are dealt with 
at some length, and bins for the storage of grain, 
ore, coal, &. This somewhat troublesome branch 
of design—troublesome chiefly on account of 
uncertainties of pressure distribution—is studied 
with respect to a considerable variety of conditions. 
Following chapters upon the details of shop floors, 
walls and roofs, calling for no remarks, the author 
furnishes specifications for structural steelwork, 
bridges and concrete work, each of which will repay 
examination, as representing current practice in 
America, and containing much useful information. 
The volume ends with a collection of nearly 200 
well-selected problems to be worked by the indus- 
trious student, with answers by which his results 
may be checked. 

There is much useful matter in this book, but it 
is treated with a want of uniformity as to the 
explanatory text, some quite simple questions 
being enlarged upon, while others, difficult or obscure, 
are left to be worried out by the student as best he 
may. Proofs are, in large measure, lacking; but 
it is to be remembered, as stated by the author in 
his preface, that the work is intended primarily 
as a text-book for the use of his own students, who 
would no doubt have advantages supplementing the 
information to be found between its covers. 

The printing is excellent, all formule are well 
displayed—a really important matter—and the 
diagrams clear. 
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Errcassit.—Epicassit is a metal powder which is 
mixed with liquid and — by a brush to steel goods. 
The foundation article is heated until the metal 
melts. This powder may be tin; two-thirds tin and 
one-third lead; one-third tin and two-thirds lead ; 


5 per cent. tin and 95 per cent. lead; 35 per cent. tin, 
15 por cent. lead, and 50 per cent. zinc. The process 
originated in Germany, and in America is in the hands of 
Messrs. Henry Hess and Co., Philadelphia. 
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INDUSTRIAL NOTES. 


Tus following telegram was received from His 
Majesty by Sir Trevor Dawson as chairman of the 
London Association of Foremen Engineers’ dinner last 
Saturday :—‘‘ I am commanded to express to you, the 
chairman and the members of the London Association 
of Foremen Engineers, the thanks of the King for the 
loyal sentiments contained in your message on the 
occasion of your 54th anniversary dinner. His 
Majesty is especially gratified by the association’s 
declared determination to do their utmost to main- 
tain the necessary supply of munitions, upon which 
the victorious issue of the war so largely depends.— 
STAMFORDHAM.,” 


The chair at the function above referred to was 
occupied by Sir Trevor Dawson, who observed that 
the war had shown us what combination could do, and 
expressed the hope the lesson thus learned would 
prove fruitful on the establishment of . He 
emphasised the importance of the works } rasa in 
——, and maintaining the efficiency of our indus- 
tries. The output now attained by their aid utterly 
su d, he said, that in “ another country,” where 
the subject had been exhaustively studied for the past 
ten years, and where there were powers of control 
over labour neither held nor desired here. The 
redemption of the National Debt could, he said, be 
effected only by increased productivity. The task 
could be faced with confidence if all were prepared to 
do their part. Nothing should, he said, done to 
discourage workmen to make high earnings. 


We deal elsewhere with the changes which are being 
made in the arrangements for protecting skilled men 
engaged in essential occupations from recruitment for 
the Army. Experience has shown that the trade card 
system led to many inequalities. Under it there 
might be two men in the same shop of the same age 
and the same. skill, and drawing the same pay, on 
identical work ; yet one might hold a trade card and 
be exempted, whilst the other would be taken. In 
future exemption will depend not on whether a 
man belongs to a particular trade union, but on 
his age and the nature of his employment. The 
scheme is resented by the engineers’ society, and 
this was, in the main, the real cause of the aban- 
donment of work by a very large body of men 
engaged in the Lancashire engineering trades. The 
occasion was a dispute at the works of Messrs. 
Tweedale and Smalley, of Castleton, Rochdale, who 
were, to say the least, indiscreet in their methods 
of dealing with their hands and, as it turned out, their 
action was also illegal. In fact the courts have held 
that under present conditions it is, in certain cases, 
at any rate, illegal to dismiss men for breach of con- 
tract, and a firm of agricultural engineers were last 
year fined for dismissing a man for joining a union 
in contravention of his agreement with his employers. 
The Castleton firm have been convicted of infringing 
the Munitions Act by not giving their hands due 
notice of a change in the working conditions and by 
not giving an opportunity for local consultation with 
the workmen and their representatives. 

The real difficulty of the situation in the engi- 
neering trades lies in the fact that whilst there is a 
general agreement that skilled work should be given 
to skilled men, experience has shown that much 
that was considered to be skilled work before the 
war can be done, and done better, by admittedly 
unskilled labour. To cut a single breech block, for 
example, is undoubtedly a job for a highly skilled turner, 
but to cut them by the score has been proved to be 
well within the capacity of casual woman labour. In 
fact, in one munitions works in this country women are 
turning out guns up to 4}-in. calibre complete without 
any skilled assistance whatever. In short, it has been 
demonstrated that, speaking generally, repetition work 
is unskilled work, on which it is socially and economically 
disadvantageous to employ skilled hands, who should 
be kept for better work and paid accordingly. Resent- 
ment at the discovery has perhaps not been unnatural, 
and the workmen strongly oppose the application of 
the principle to commercial work. In this, of course, 
they are shortsighted, for, as Mr. John Hodge said at 
the dinner of the London Assoviation of Foremen 
Engineers last Saturday, restriction of output is a 
disastrous policy. After the war we shall need the best 
from every skilled man that he can give, and he cannot 
be spared to do monotonous repetition work, at which 
he cannot compete on even terms with the operative 
who knows how to do nothing else. In the 
Ministry announce that it is absolutely necessary to 
have recourse to dilution on commercial as well as on 
war work. The skilled men on commercial 
work must be released to do their share on essential 
war work, and this will only be possible if dilution be 
extended also to private factories. The only alterna- 





| tive is to close down private factories; since the 


skilled men must be employed where most needed. 


There is still much trouble from lost time, a number 
of girl munition workers being fined at Birmingham 
last week for losing half-hours. In another case where 
a girl was fined for missed time she entered the not- 
unreasonable plea that she could not work day in and 
day out, Sundays included, from 8 a.m. to 8 p.m. 
It appeared, however, that the Sunday work was 
optional, and the case was adjourned for a month, the 
president remarking that the more Sunday labour there 
was, the less would be done during the week. A great 
improvement in the matter of time-keeping is recorded 
at Sheffield. During March the tribunal had to deal 
with 968 cases, of which 445 were for bad time-keeping, 
with an aggregate loss of 43,780 working hours. The 
April returns show 407 cases, of which 194 were for 
bad time-keeping, the loss of time involved being 
18,922 hours. In another case tried at the Birming- 
ham tribunal one of four men prosecuted for absenting 
himself from work complained that although his 
takings were six guineas per week he was engaged on 
skilled work in company, apparently, with a tailor. 
He asserted that in his own trade of filer for sport- 
ing gun actions he would have received 20I. for the 
same number of hours worked. 


A protest against the failure of the authorities to 
utilise the Birmingham Proof House was made last 
week at the annual meeting of the Birmingham gun 
trade. The chairman, Mr. L. B. Taylor, observed 
that the military weapons now being made by the 
Birmingham gun trade were proved at the Government’s 
own establishments. This condition of affairs con- 
stituted a real grievance to the Proof House Guardians 
and the trade. Proof houses were established in 
Birmingham and London by Act of Parliament, and, 
whatever the conditions, must be carried on. Had use 
been made of the Birmingham Proof House, a con- 
siderable saving of expenditure would, he said, have 
been effected. The Birmingham gun trade had, more- 
over, trained a large body of skilled artificers, who had 
proved most useful in the time of war as gauge-makers 
in their own factories or gone elsewhere to form the 
nucleus in starting important industries. They had 
also provided armourers for the front, and yet, after 
all this, they were told they were a non-essential 
industry. At least, so they were classified, he under- 
stood, under the National Service Act. 

At the customary meeting, held last week, of the 
Durham Conciliation Board it was announced that 
the existing rate of wages for miners would be main- 
tained during the forthcoming quarter. The rate is 
107} per cent. above the standard of 1879. 


The Dutch Overseas Trust announce that the British 
Government is stopping further exports of cotton from 
this country, as the whole import is needed for our own 
requirements. 


The Controller of the Foreign Trade Department 
has issued a new Consolidating List giving names of 
over 2,000 persons and firms with whom persons 
in the United Kingdom are forbidden to trade 
under the Trading with the Enemy Proclamation, 
1916. Although the Statutory List has now been in 
existence for a year, cases still come to the notice of 
the Foreign Trade Department in which firms are 
corresponding with persons on the Statutory List. 
It is important that everyone engaged in foreign trade 
should realise that he is under an obligation to make 
himself familiar with the Statutory List and to observe 
it in his dealings. Failure in this respect renders him 
liable to heavy penalties. In exceptional cases where 
it appears to be necessary, and where it is not contrary 
to the public interest, a licence may be obtained from 
the Foreign Trade Department exempting from the 

hibition. The Department is collecting information 
tom British consular officers abroad in reference to firms 
in neutral countries with whom British houses could 
trade, in place of firms of enemy origin or association 
which have been placed on the Statutory List. The 
following bodies have agreed to disseminate the informa- 
tion :—The Association of Chambers of Commerce of the 
United Kingdom and its associate Chambers of 
Commerce, the London Chamber of Commerce, the 
Federation of British Industries, and certain approved 
trade associations and federations not associate 
members of any of the above organisations. 


With a view to enlisting in greater measure than 
heretofore the advice and assistance of employers and 
workpeople in the working of the Employment: Ex- 
changes throughout the country, the Minister of Labour 
has decided to set up Advisory Committees in connec. 
tion with each exchange (or small group of exchanges), 
consisting of persons nominated by associations of 
employers. and workpeople, together with a smali 


| number of members directly appointed by the Minister. 

These committees will not be limited to the considera- 
tion of matters referred to them by the Department, and 
it is proposed that they shall be charged in due course 
with important functions in connection with the return 
to civil employment of discharged soldiers and sailors 
after the war. In view of the establishment of these 
new committees it is not proposed to call together 
again the Advisory Trade Committees already existing 
rin connection with the Employment Exchanges, but 
the Minister acknowledges the great assistance which 
the chairman and members of these committees have 
rendered to the Department and expresses his sincere 
thanks for the services which they have given freely 
and unreservedly. 


The accompanying award of the Conciliation and 
Arbitration Board for Government employees was 
issued during the week. This award grants a further 
war bonus to large classes of permanent Civil Servants 
whose claims have been heard before the Board by 
their representative associations, viz., the Civil Service 
Federation, the Civil Service Clerical Alliance, and the 
Customs and Excise Officers’ Association. The award 
will cover the claims (amongst others) of the second 
division clerks, assistant clerks, the officers of customs 
and excise and women typists. It is understood that 
the Treasury have decided to extend the bonus to 
the whole of the permanent Civil Service who fall within 
the limits of remuneration and general conditions set 
out in the award. The award is substantially the same 
as that made to Post Office employees. It only applies 
to adult permanent employees (a further award being 
promised on the claims of temporary and juvenile 
employees); it becomes operative from January 1 
last, and the chief features which distinguish it from 
the previous war bonus granted by the Treasury are the 
greater relative increase in the bonus granted to women 
and the extension of the limit of remuneration within 
which a bonus is granted from 1651. to 2501. a year. 
Its general effect will be that adult permanent civil 
servants will become entitled, as from January | last, 
to a temporary war bonus at the following rates :— 

Men. Women. 
Per Week. Per Week. 

9a. 6s. 
(previously (previously 
4s.) 28.) 


Those whose pay is 30s. a 
week or under 


8s. . 
(previously (previously 
4s.) 28.) 


8. 6d 


Those whose pay is between 
30s. a week and 40s. a 
week 

Those whose pay is between 
40s. a week and 60s. a 


78 


° 4s. 6d. 
(previously (previously 
38.) ls. 6d.) 


3s. 6d. 
(nothing 
previously ) 


5s. 
(nothing 
previously ) 


week 

Those whose pay is between 
60s. a week and 2501. a 
year 


A special conference of the Northern Counties Textile 
Trades Federation was held last Saturday at the 
Caxton Hall, Salford, “‘to consider the replies of the 
spinners and manufacturers (North and North-East 
Lancashire) refusing an application for an advance of 
20 per cent. on the wages of all sections, and a mini- 
mum fall-back wage of 45s. per week to overlookers ; 
to consider also the refusal of the Spinners’ Federation 
(South Lancashire) and the Hard Waste Manufacturers 
to grant our application for a 20 per cent. increase in 
wages for all sections.” The following recommenda- 
tion of the Central Board was passed :—“ That, failing 
a settlement of the questions, our members cease work 
on Saturday, May 26.” The employers claim that 
owing to the increased prices of materials and the 
present state of the industry they cannot afford to pay 
higher wages, and that about 20 per cent. of the looms 
have already stopped from bad trade and other causes. 


At the annual conference of the North Wales Quarry- 
men’s Union, held at Bethesda last Monday, the presi- 
dent referred to the improved state of relationship 
with the employers. In former times, he said, the 
opening of negotiations was tantamount to precipitat- 
ing a fight. The union has co-operated with the Welsh 
National Service Commissioners in the transfer of slate 
quarrymen to iron mining and limestone quarrying, 
both of these commodities being urgently needed for 
national ends. 


The National Joint Committee of the Postal Tele- 
graph Societies has ces the new scale of war 
bonuses granted last week by the arbitration board. 


An important decision was given last week by Mr. 
Justice Atkin in the Munitions Tribunals Appeal 
Court. Certain Sunderland shipyard riveters had been 
prevented by stress of weather from working for more 
than two days. They applied accordingly for leaving 
certificates on the und that their employers had 
for more than two days failed to give them an oppor- 
tunity of earning The court’s decision was in 
favour of the men, so that shipbuilders must in future 
be liable to pay men for idle time beyond two days 
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caused by the weather or run the risk of a stoppage of 
work by wholesale applications for leaving certificates. 





In a paper read before the Society of Arts last Wed- 
nesday Professor W. Ripper discussed the question of 
works organisation and efficiency, taking as his text 
the following observations made by a workman at a 
recent joint conference :—‘‘ You employers are rich 
and comfortable, and the workers are, or were before 
the war, in want of all those things which go to make 
life really worth living. We demand that the present 
war-time wages shall continue after the war, and I 
want to ask you employers: ‘ Are you going to agree 
to a reduction of your profits; are you going to be 
willing to sacrifice some of your large incomes in order 
that the workmen may retain a decent living wage and 
continue the better home conditions which they have 
been recently enjoying?’ I cannot see,” he said, 
“how the men can continue to receive higher wages 
without injuring their employers, nor how it is possible, 
therefore, to avoid industrial trouble when the war 
is over.” 





The views expressed above as to the enormous 
profits made by employers in normal times appear to 
be very generally held amongst workmen. Un- 
doubtedly some employers make fortunes, but, as 
Bacon observed three centuries ago, men count when 
they hit, and not when they miss, and workmen com- 
monly take no note of the enormous sums lost. yearly 
in the financing of industries. In any case the census 
of production showed that the capital invested per head 
employed in the engineering industry was only some 
200/., on which the return in pre-war times did not 
average 5 per cent. It is obvious, therefore, that 
if the whole of the receipts obtained by capital 
were divided up amongst the hands employed no 
substantial improvement in the standard of living 
would be effected. 





As Professor Ripper pointed out in his lecture, the 
path of salvation lies in a different direction. Unless 
output per head is increased, the average standard of 
living cannot be raised. It may be added that this 
will in many cases require an increase in the capital 
invested per head, and this capital must be attracted 
by reasonable returns or it will not be forthcoming. 
Equally essential will be a great increase in the so- 
called “‘ non-productive ” expenditure, as our industries 
have in the past been much understaffed. Foremen 
and draughtsmen have been overworked and under- 
paid. Professor Ripper, for his part, laid most stress 
on specialisation and organisation, and undoubtedly 
there is much to be done in this field, both in the shops 
and in the markets. 





Motor Car Vatve Stream Lusricator.—We have 
received from Messrs. Brown Brothers, Limited, of 
22 to 34, Great Eastern-street, London, a sample of 
Joseph’s valve stem lubricators. It consists of a short 
pipe of fibrous material, apparently cotton, surrounded 
by a light spiral spring, the last coil of the spring at each 
end being attached by sewing or darning to the end of the 
pipe. The lubricator is, in effect, a spiral spring with 
a fibrous lining, and after the latter has been soaked in 
oil the whole is slipped over the valve spindle, inside 
the valve spring. As the valve stem works up and 
down the lubricant finds its way up the valve guide, 
making the valve work smoothly and quietly, and 
ensuring that it shuts promptly. 

“THe Surrinec Wortp” Year Boox.—This, the 
thirty-first edition of this invaluable reference work, has 
been issued under the serious disadvantages entailed by 
the war. This has necessitated the omission of some 
customary features of the general section. The changes 
in ‘the Government, the War Cabinet, the Blockade 
Department and the Controller of Shipping have necessi- 
tated sweeping revisions of the previous text, which have 
been duly attended to. The data in the port and harbour 
directory have been amplified and corrected up to the 
inoment of going to press. The information as to national 
tariffs has also been revised, and particulars are given of 
the new tariffs for Chili and Mexico, and of the new 
import duties in British India. In spite of present 
difficulties the high standard of previous years is fully 
maintained in the new issue. 





LiveRPoor Saippinc.—The 1917 edition of the hand- 
book on Liverpool Shipping, published by The Journal 
of Commerce, has just been issued at the price of le. 3d. 
It contains a directory of the shipowners of Manchester 
and Liverpool, including in the case of companies the 
names of the principal officials, to which, in many cases, 
are added interesting historical and financial notes and 
data as to the services maintained. The official section 
of the handbook gives particulars of the present constitu- 
tion of the Admiralty, the Board of Trade and Trinity 
House, with additional data about such bodies as the 
Shipping Federation and the local Chambers of Commerce. 
In the technical section are included notes on Lloyd's 
Registry, the British Corporation and the Bureau 
Veritas. Much information is also given concerning the 


works controlled by the Mersey Docks and Harbour 
Board. 


THE LATE MR. HARRY RIGBY. 


THE announcement of the death of Mr. Harry Rigby, 
which occurred last Monday, will be read with feelings 
of deep regret by a large number of engineers, especially 
those interested in constructional steelwork of an 
important character. For more than 30 years he had 
been associated with the firm of Messrs. Joseph West- 
wood and Co., Millwall, London, having occupied 
successively the offices of chief engineer and assistant 
manager, chief engineer and manager, and general 
manager and engineer. During that period he had 
carried out most important contracts, including large 
span bridges, stations, warehouses, and other structures 
in a way that had gained for himself and for his firm 
the confidence and esteem of engineers not only at 
home, but also in many parts of the world. Although 
acting mainly as the representative of a contracti 
firm he did much original work in designing, an 
contributed not a little to the successful carrying out 
of works for which he claimed no public credit. 

Mr. Rigby had not completed his 6lst year, having 
been born on July 18, 1856. His education was con- 
ducted privately and, in a scholastic sense, ended 
somewhat early, for in 1871 he was working in the 
drawing office of Messrs. A. Muir and Co., of Salford. 
His stay there was brief, for in 1872 and 1873 he 
became a pupil under his brother, Mr. William A. 
Rigby, the chief engineer to Messrs. Morewood and 
Co., Bilston, being employed both in the drawing office 
and shops. After two years Mr. Rigby was trans- 
ferred as a pupil to Mr. R. C. Braithwaite, chief 
engineer and manager of the Old Park Works of the 
Patent Shaft and Axletree Company, Wednesbury. 
Here more important work was put under his charge, 
including the construction of the River Murray Bridge 
for Australia, which weighed about 2,000 tons. 

His six years of training being now completed, Mr. 
Rigby became assistant engineer at the same works, 
where he remained until 1883. He took his full share 
both of actual construction and also of calculation 
and design, and for a time was resident engineer on 
the erection ms the large Broad-street goods warehouse 
for the London and North-Western Railway. which 
involved 8,000 tons of ironwork. Mr. Rigby designed 
the present Brighton station for the acting engineer, 
Mr. Wallace, made all the calculations, detailed draw- 
ings, &c., and carried the work out as resident engineer 
for the Patent Shaft and Axletree Company. 

In 1883 Mr. Rigby became chief engineer to Messrs. 
Eastwood, Swingler and Co., of Derby, with whom he 
remained three years, leaving to join Messrs. West- 
wood and Co., as already mentioned. He brought 
with him 15 years of experience gathered on a wide 
field, and turned it to most excellent account. Under 
his guidance the firm completed an immense amount 
of first-class work, while he made many professional 
friends, alike by his ability and his commercial probity. 
He had been a member of the Institution of Civil 
Engineers since 1910, although eligible as a candidate 
for election at a much earlier date. 





TimBeR FoR SuHrPBurtpiInc.—We learn from The 
Engineering News that the Grand Trunk Pacific Railway 
is hauling timber right across the North American conti- 
nent on a passengerschedule. A large number of standard 
wooden ships of 3,600 tons capacity are being built, 





Tue Cotours or MorTHER-OF-PE£ARL.—The quanti- 
tative examination of the problem of the beautiful 
colours displayed by mother-of-pearl, the nature of which 
was recognised by David Brewster in 1853, seems to have 
been left to the United States Bureau of Fisheries. On 
behalf of this Bureau Mr. A. H. Pfund has conducted a 
research (Journal of the Franklin Institute, April, 1917), 
from which it —— that underlying the outer horny 
layer of some shells are small crystals of calcium 
carbonate separated by thin layers of conchiolin, the 
organic substance which forms the horny coating ; under- 
neath this prismatic layer, again, is the nacre, finer 
lamine of calcium carbonate and of conchiolin in great 
regularity. When the two outer layers are removed 
the edges of the laminw are exposed in steps like a 
grating, and there may be from 6,000 to 20,000 lines 
(or laminz) to the inch, as there are about 14,000 lines in 
ordinary gratings. If these laminze were not bent like 
the shell itself, scientists might make use of them, The 
study was conducted by making a celluloid replica of the 
surface, polished by means of a buffing wheel; celluloid 
dissolved in amyl acetate is poured on the shell, the 

evaporated, and the shell is then placed in water 
for 20 minutes, when the replica can be pulled off. The 
grating structure and diffraction cause the iridescence of 
the shell. There are further colours, changing with the 
angle at which a spot is viewed; they are due to the 
interference between rays reflected by the parallel 
lamine, which appear to be from 0.4 yw to 0.6 uw in 
thickness ; that is to say, the thickness is about equal to 
the wave-length of greenish light. The great number of 
the lamine and their extreme regularity of the structure 
have not been sufficient] studied by biologi t. The 
rs) ie substance conchiolin; we should add, can be 
iso by dissolving the calcium carbonate in the shells 


tate 








in hydrochloric acid. 
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“ SPONTANEOUS FRACTURE OF BRASS.” 
To tHe Eprror or ENGINEERING. 
Sir,—The above subject, on page 426 of your May 4 
issue, is particularly int ting 








I have experienced, casting round 60:40 brass bars, 
7 ft. by 24 in.—in iron lds—similar ks running 
across and longitudinally, quite sufficient to make the 
bar scrap. 


I 


In the particular the ks would occur 
however quickly the bar was taken out after pouring, 
although at times only seen under magnification. This 
trouble immediately stopped on treating the Id 
but it appears evident that a much-used iron mould strains 

i bly, even causing minute fractures, 








@ bar considera 
which will remain as such under any subsequent treat- 
ment in the cold. 

I wonder whether this nuisance has any relationship 
to “Spontaneous Fracture of Brass.”’ 

Yours faithfully, 
J. Curre. 
22a, Great Brook-street, Birmingham, May 7, 1917. 





IMPERIAL PREFERENCE IN TRADE. 
To Tue Eprror oF ENGINEERING, 

Srr,—It is nearly two months since I asked “A 
Student of History” to give his authority for saying 
that Austrian manufacturers of pencils got a home trade 
which enabled them to reduce their working costs and to 
produce a cheaper article than our English makers could 

ut on the market; and, in the absence of any reply, 

suppose we may conclude that “‘ A Student of History 7 
is mistaken, The last time I was in Austria the “ home 
trade’’ in pencils had been secured by Japan at four 
a penny; and I have a sample of these pencils ! 

trust that the question of Imperial Preference will 

not be allowed to drop, for it is of great importance to 

roducers as well as to consumers; and the latter, who 
‘orm the great majority in this country, do not get much 
consideration from tariff reformers, who find it easier to 
abuse foreigners than to make good articles at a reasonable 
rice. 
“4 A Srupent or Pouiticat Economy. 

May 5, 1917. 





Coat In Swirzertanp.—Switzerland is nerally 
assumed to be devoid of coal, but Dr. L. Wehrli, a 
geologist, of Ziirich, has recently issued a pamphlet in 
which he expresses the opinion that some workable 
beds exist. There is no coal, he admits, in the Jura 
district and in central Switzerland. The Bernese Ober- 
land contained some coal, which has already been mined. 
A search in the Simmen Valley towards the Lake of 
Thun and beyond might, however, prove profitable, and 
there are indications of anthracite in the Canton Le 
Valais. This anthracite might amount to 30,000,000 
tons, and if half of that amount could be mined, Switzer- 
land could cover its own coal demand for five years, 





Liquip CHLoRINE FoR STERILISING WaTER.—lIn a 
paper read by Mr. M. 8. Dutton before the Illinois Section 
of the American Waterworks Association it was stated 
that with hypochlorite at 7 cents and liquid chlorine at 
20 cents the —- cost of hypochlorite treatment at 
Laurenceville, Ill., during January was 107 cents per 
million gallons treated, against 28 cents for liquid 
chlorine. The results were also better with the chlorine, 
the bacteria count on nutrient agar being 11, against 15, 
from a worse raw water. There were no specimens of 
b. colé found in 1 cm, samples of filtered water with the 
chlorine disinfection. Only half the quantity of actual 
chlorine was used in the liquid form compared with that 
in the hypochlorite. 





Fiexipitiry or Hearep Wires.—The determination 
of the flexibility of hot wires cannot be effected by 
rough bending tests, in which too much depends upon 
accidental features. The apparatus which Dr. Lautz 
of the Charlottenburg Technical High School, devised for 
this purpose is far from simple. He pushes a short 
cylindrical sleeve over the vertical wire, at such a height 
that the wire, which is clamped, would just rest on the 
jaws of the clamp when bent to the right or left; the 
inner edge of the sleeve is rounded off, so that the bending 
wire is not cut by the sleeve. The lever which effects the 
bending can also be turned about the vertical axis of the 
wire ; the bending may thus be effected in all directions. 
Below the clamp is the oil bath in which the wire is 
heated up to 320 deg.C. The number of i which 
the wire undergoes before breaking is automatically 
recorded. When the experiments were made it was 
found that in spite of the special precautions adopted the 
wire developed a kink or a swelling just below the sleeve ; 
the sleeve was hence provided with sharp edges again, 
instead of rounded . The tests, described in the 
Zeitschrift des Vereins Deutscher Ingenieure, of Septem- 
ber 26, 1916, showed that iron wire becomes more 
flexible up to about 220 oa. ¢ (the temperature varied 
with the material), when the flexibility may be double 
that at ordinary temperature, but decreases then to 
one-fifth the original value at 320 deg.; the flexibility 
maxima were less distinct in drawn than in annealed 
wires, and were by 10 deg. or 20 . C, higher in the 
former case; annealing is advisable to secure high 
flexibility, Copper wire pot less flexible than iron at 
ordinary temperature, t the flexibility increased 

y as the temperature rose. Thus the iron curves 
were i , those of copper quite smooth. Some 








4,000 wiresalso, of lead, were tested, and the influence of 
oe at various temperatures, followed by bending in 
, is to be further investigated. 
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CONSTRUCTED BY THE: LANGELIER MANUFACTURING. COMPANY, 


PROVIDENCE, RB.I., 


DOUBLE-ACTING HORIZONTAL MULTIPLE DRILLING MACHINE. 


U.S.A. 




















(Gosee) 


THE above engravings illustrate a type of double- 
acting horizontal multiple drilling machine recently 
brought out by the Langelier Manufacturing Company, 
of Providence, Rhode Island, U.S.A. This machine 
was designed for drilling such parts as motor-cycle, 


bicycle and side-car hubs, or for any cylindrical parts | 


requiring one or several holes at opposite ends. ° 

The machine is of simple design and well arranged 
for convenient operation. The multiple heads, which 
are interchangeable, are carried in sliding housings, 
both of which are actuated simultaneously by a 
single hand-feed lever, compounded to obtain the 
required leverage. The drive is transmitted through 
floating pulleys mounted in brackets at either end of 
the bed. A double-splined spindle slides in each pulley 
delivering drive to the multiple heads, thus permitting 
free motion to the housings. This construction 
eliminates all belt pull on the spindles, so that they 
carry no other load than that of driving the heads. 

The jigging is simple and remarkably rapid. The 
jigs—one at each multiple head—are self-contained with 
the heads, being located by a central keyed spring 
plunger. The jig on the right-hand head contains 
an indexing device. Slipping the work loosely into 
either jig, the heads are brought together by a move- 
ment of the feed lever. This clamps the work between 
the jigs, while, continuing the travel of the heads, it 
feeds the drills into and through the work, the spring 
plungers receding into the heads. As the holes are on 





Fia. 1. 


very close centres, only every alternate hole is drilled 
at one operation. Withdrawing the drills, the work 
is indexed by a twist of the wrist, a spring plunger 
engaging one of the holes already drilled; a second 
operation then completes the circle. 


A new piece may be inserted the instant the drills | 


|are withdrawn, as the open construction permits the 


finished piece to drop into the chip pan, whence it may 
be removed while the following piece is being drilled. 


The machine shown drills two sizes of hubs, so that | 


two sets of interchangeable heads are provided. The 
unit construction of the heads practically eliminates 
any setting up, as the heads may be interchanged in a 
few minutes. By test, the first three samples drilled 
were finished within one minute, there being a total of 
36 holes per hub, using a 39 drill. This is at the rate 
of 6,480 holes per hour. 
provided to the drills by means of adjustable collets, 
while a single adjustable stop, shown at the left-hand 
end of the machine, suffices for both heads. ‘ 
Fig. 2 shows a section through the jigs for the rear or 
brake hub. The multiple head is contained in the 
sliding housing A. The jig B is carried on the plunger, 
which recedes into the head as shown. The index 
pin C is shown in the right-hand jig. The work D is 
located and held by the three-point centres, the springs 
having sufficient tension for a firm grip, while the 
several drills entirely neutralise any tendency to creep. 
Figs. 3 to 6 show respectively the front and rear hubs 


Micrometer adjustment is | 
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which are to be drilled. Automatic oil feed is provided, 
driven from an overhead countershaft, which is 
furnished with the machine. 

While peculiarly suited to the class of work described, 
the machine may readily be adapted to a very wide 
range of work of practically any shape within the 
capacity of the heads, as jigs may be attached to the 
bed in place of the chip pan shown. 





Tue Loss or CHANNEL STEAMERS.—The hospital ship 
Donegal, lately torpedoed, belonged to the Midland 
Railway Company ; the Hibernia and the Anglia to the 
London and North-Western ; the Duke of Albany to the 
Lancashire and Yorkshire and London and North- 
Western Joint Service; the Sussex to the London, 
Brighton and South Coast Railway; and the Queen 
to the Chatham and Dover. The Brussels and Colchester 
of the Great Eastern Railway were captured by the 
enemy; while three vessels of the Great Central and 
two of the Lancashire and Yorkshire Company are 
detained in Hamburg. 


TrmsBer IN Fintanp.—The stock of sawn timber in 
Finland, according to the Anglo-Norwegian Trade 
Journal, was, on December 31, 884,164 standards. 
During the six months from December 1, 1916, to 
May 31, 1917, it was estimated that 170,269 standards 
would be sawn, and that the stocks on June 1, 1917, 
will total 1,054,433 standards. The estimated output 
of the present year is 200,000 standards. On December 1 
last there were in stock 17,511,545 logs, and the estimated 
felling during the winter season is 7,917,000 logs. The 
annual growth of timber in Finland is approximately 
35,000,000 cub. m., and the annual felling 37,000,000 
cub. m. 
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THE DETERIORATION OF TURBINE 
BLADING.* 
By Mr. A. Fenwick. 
(Concluded from page 423.) 

Guide Blading.—In introducing the subject of 
deterioration of these blades, it will be as well to 
commence with a description of what actually happens 
to the blade, and afterwards take a few typical cases. 
30 per cent. to 32 per cent. nickel steel (J) is the material 
in general use, and, unless otherwise stated, the deteriora- 
tion refers to this material. The nature of the 
deterioration is the same in all cases, but the results, 
taken over a given period, are quite inconsistent, and 
vary considerably with different turbines in the same 
station, and show a still ter difference with similar 
machines at different stations. The first visible indica- 
tion appears in the form of a fine crack, always on the 
inlet side of the blade, and frequently close to the 
outer retaining ring, but sometimes near the centre 
of the blade. Before these cracks’ are actually visible 
they can be produced by a few light hammer taps. 
These cracks extend over the surface of the blade, 
cobweb fashion, until pieces become detached and 
pass through the succeeding stages, severely bruising 
and closing up the wheel blading on the inlet side, but 
seldom causing a strip; the amount of damage done 
is naturally regulated by the size of the broken piece. 
All blades in the guide ring are not affected at once ; 
generally, isolated blades distributed round the ring 
develop these cracks, but often the defective blades 
appear in batches; ultimately the whole of the blades 
crack, and if not attended to the guide ring colla > 
causing heavy fouling and serious damage to the wheels 
and blading. 

Fig. 19, Plate XLVI, shows a portion of a guide blade 
diaphragm, the cracks in the blades being clearly visible; 
this had been in commission for 9,391 hours only, on one 
of the compressor turbines, Class 5, and failed a few 
months after this photograph was taken owing to lateral 
movement of the diaphragm having taken place in the 
direction of the following wheel, which was ultimately 
fouled. 

Fig. 20 shows a portion of the upper half of the guide 
ring for the eighth stage removed from No. 5 generator 
turbine, Rosherville, after 7,801 hours. Reference to 
Table VI, (page 422 ante), giving the life of guide 
blades for Class 2 turbines, shows this to be due 
to mechanical damage caused by a partial strip; the 
mechanical damage is, however, slight, and an examina- 
tion of the ring is interesting, nearly every blade being 
fractured where joining the inner and outer retaining 
rings. The photo is not clear, but the light splashes 
near the lower ring show where fracture has taken 
place, and, in addition, several blades have holes right 
through them, more particularly at the junction between 
the curved portion and thestraight. The portion of blade 
clear of the retaining rings looks quite good until smartly 
tapped with a hammer, when the characteristic cracks 
showing early deterioration are produced. The lower half 
of this ring, which had only run 3,165 hours, was removed 
and + aaa examined, but it was found to be quite 
sound, 

Fig. 21 shows three loose guide blades from generator 
turbines, Rosherville, in various stages of deterioration. 
(a) (Specimen 2/15) was removed from seventh stage 
guide ring No. 2 set after 15,308 hours; (6) (specimen 
4/15) from seventh stage No. 3 set after 18,023 hours ; 
(c) (specimen 12/15) from twelfth stage No. 2 set after 
19,887 hours. These blades are in the same condition 
as when in position in the guide ring, and have not been 
further damaged during removal. Fortunately, in the 
case of.the guide blade rings under discussion, there is 
little danger when the cracks first appear, as several 
months elapse before pieces of guide blade break away. 
Examination at intervals of 3,000 hours allows one to 
follow - condition and judge when the ring should be 
renewed, 


In the case of the guide blade diaphragms, as fitted | P® 


to Class 4 and 5 turbines, they become unsafe as soon 
as cracks appear, and movement of the diaphragms in 
the direction of the following wheel has taken place on 
different occasions. This tendency to displ t of 
the diaphragm is probably due to the circumferential 
pitch of the blades in the guide blade diaphragm con- 
struction being greater than in the guide ring construc- 
tion, with a consequent increase of diaphragm area per 
blade. The subjoined table gives the diaphragm area 
exposed to the difference of steam pressure between the 
inlet and discha side, also the number of blades 
and pitch for the first set of guide blading, i.e., for stage 
2. Three classes of turbines are dealt with, the diameter 
being taken to the nearest inch. There are 12, 11 and 











Weight 
rs Area of No. of |Pitch of | Carried 
Diaphragm.) Blades. | Blades. per 
Blade. 
sq. in. mm. Ib. 
9,600-kw. turbines, 
Class 2 ae ee 4,624 148 42.0 187 
12,000-kw. turbines, 
Class és - 3,606 76 74.6 284 
10,000-h.p. compressor 
turbines, Class 5 .. 2,109 52 84.0 486 




















4 Rateau stages, in Classes 2, 4 and 5 turbines respec- 
tively, and assuming the pressure drop across each sta; 
to be 6 Ib. per square inch for the first two, and 12 Ib. 
per square inch for the third, the weight carried per 
blade is shown in the right-hand column. 

_* Paper read before the South African Institution of 
Engineers. 





Fig. 22 shows the difference in the shape of the blades 
for a guide ring and a guide blade diap It will 
be noticed that the curved portion marked X is much 
1 r in the former than in the latter construction. 

ith regard to the life of these blades, Table No. VI 
gives the number of running hours up to the time of 
replacement, if such has taken place, or up to Sep- 
tember 30, 1916, if the original rings are still in use. 
All the turbines are of 9,600 kw. (Class 2), five being in 
use at Rosherville and four at Vereenigi The con- 
ditions are py the same at each station, with the 
exception of the steam temperature, which is 350 deg. C. 
at Veereeniging, as against 320 deg. C. at Rosherville. 
Refererice to the table shows the great disparity in the 
running hours between the various stages at the same 
station, and the same stages at the two different stations. 

First, it will be noticed that in no case has it been 
necessary to renew the first four guide rings owing to 
deterioration; in one case renewal has taken place ; 
this was, however, due to mechanical damage owing to 
fouling some hard material, probably a piece of nozzle 
vane. It will also be noticed that deterioration com- 
mences first in stage 7 on the first five sets, and that 
the life varies from 9,900 hours on No. 1 to 18,023 on 
No. 3. As in the case of the wheel blading, the “‘life”’ 
does not represent the time the blades would actually 
have lasted; it simply shows that when renewed the 
blades were defective, the degree of deterioration varyin 
considerably. Generally speaking, no rings were renew 
until small pieces of blades broke away, and in some cases 
the rings were in an absolute state of collapse before 
being renewed. 

Allowing for this difference in condition, however, 
there is no satisfactory reason to account for a difference 
of over 8,000 hours in the life of stage 7 on sets 1 and 3. 
The variation in the life of the centre stages on the 
Rosherville and Vereeniging sets is very marked, and 
before attempting to explain this it will be well to consider 
possible causes for this deterioration. 

Influence of Material on Deterioration.—The evidence 
is hardly sufficient to state definitely the relative 
advantages of high or low percentage nickel steel, but 
the em obtained in No. 4 set, Rosherville, point to 
steel containing no nickel as being more suitable. Stages 
6 to 13 on No. 4 were tested in exactly the same manner, 
i.e., they were struck sufficiently hard with the ball of a 
hammer to indent the blade in several places where 
exposed at the horizontal joint. Cracks could only be 

roduced on stages 7 and 12, which on analysis were 
ound to contain 30 per cent. nickel; the other stages 
resisted this somewhat drastic treatment, and these 
blades were marked H by the makers and found to 
contain no nickel. When last examined there was a 
good deal of pitting on the convex and cor\cave portions 
of these H blades, which effect is unusual with the nickel 
steel blades. 

We are experimenting with different classes of steel ; 
Siemens-Martin, and 5 per cent. and 3 percent. nickelstee] 
being at present in use, cast into the retaining rings in a 
similar manner to that adopted by the makers. The 
test is of far too short a duration to form an opinion as 
to the respective merits of these various steels, and the 
time required is one of the drawbacks to these experi- 
ments, as, even when the turbine is run at a very high 
load factor, two and a half to three years must elapse 
before we can say that a definite improvement has been 
made, unless, of course, the steel on trial gives much 
worse results than that at present in general use. 

On the Class 4 turbines H steel, containing no nickel, 
has been supplied for some stages, and has so far shown 
no deterioration, while other stages, containing 30 per 
cent. nickel (J steel) in the same machine have shown 
marked deterioration, but these will be referred to 
later. 

In the case of the guide ring renewed on No. 4 set, 
Vereeniging (stage 10), some of the blades were badly 
cracked, and others appeared to be in perfect condition ; 
one of each was analysed, and both were found to be 30 
r cent. nickel steel, the inference being that the 
presence of a high percentage of nickel does not neces- 
sarily cause the blades to crack. 

A non-ferrous material might be tried with good results. 
The cost would be a good deal higher than if steel were 
used, but that would not matter much if the life were 
considerably increased. Casting iron round blades made 
from Mone] metal sheet has been tried, but the heat of 
the molten metal appears to take the nature out of the 
copper-nickel alloy, rendering it short, so that it cracks 
and breaks on bending. 

Mechanical Stresses imposed on the Blades by Expansion 
and Permanent Growth of the Retaining Rings and Dia- 
phragms and by Sudden Changes of Temperature in the 
Blades.—We have ample evidence of the exceedingly 
heavy stress imposed on the blades from this cause, 
particularly at the high-temperature end of the turbine. 

When the machines were first erected the guide rings 
were fitted to a groove in the casing, and secured thereby 
by means of screws; the C.I. diaphragm, of dished 
formation, is grooved round the periphery and fitted 
snug to the inner retaining ring of the guide ring, there 
—— @ corresponding tongue fitting the groove of the 
diaphragm to prevent lateral movement. The convex 
side of the diaphragm is toward the high-pressure end 
of the machine, and is designed to resist the difference of 
pressure between the inlet and discharge side of the 
guide rings. It may have been assumed by the makers 
that thie dishing would relieve the blades of excessive 
stress by deformation of the casting, and the latter effect 
actually occurs, as it is found that the clearance between 
the diaphragm boss and the preceding wheel gradually 
diminishes. It, however, does not relieve the blades 
sufficiently to prevent severe buckling of the first two 
rings, and Fig. 23 shows this very clearly. Photographs 
of the 9,600-kw. machines are not available, but the 





figure shows a portion of a a ® ring removed from 
one of the Simmer Pan 3,000-kw. sets, the deforma- 
tion of the blades in the larger sets being similar, although 
not usually quite so pronounced. 

In addition to the buckling of the blades, they are 
badly cracked, as seen in Fig. 24, due doubtless to the 
enormous stress imposed. This particular ring was in 
commission for 39,000 hours, and is the first one renewed 
on the early stages of the machine owing to cracked 
blades. ben the ag: ary sets these cracks have not 
yet appea on the first five stages. 

It 4 ldom the blades are buckled beyond the third 
guide ring, the expansion of the guide rings and dia- 
pene pore | naturally less as the temperature 

ecreases, until at the exhaust end it is comparatively 
low, seldom exceeding 50 deg. C. If we assume heavy 
pressure on the blades to be the cause of the cracking, 
it seems strange that where the pressure is heaviest the 
blades are least affected. It may be a contributory 
cause, but in any case it is obviously better to relieve 
the blades of this stress as far as ible, and this has 
been accomplished in the case of the guide rings by 
machining a 3 mm. clearance between the guide ring 
and diaphragm and resting the diaphragm on two short 
fitting strips on the lower half. A few copper pins are 
fitted on the upper half of the guide ring, with about 
0.5 mm. clearance between the pins and diaphragms, 
so that the latter cannot rise too much and foul the shaft 
a It is found that after a time these pins are crushed 

y the diaphragm, and they are eased periodically. 

In the case of the guide blade diaphragms these are 
suspended on lugs at each side of the turbine casing, 
3 mm. clearance being left all round the casing groove, 
so that the diaphragm is free to move when fitted, *but 
gradually tightens sideways in the groove as the growth 
of metal takes place. 

Reference to the notes in remarks column of Table VI 
shows that in sets 1 and 2, Rosherville, cracked blades are 
found in the eighth stage after 8,700 and 9,700 hours. 
Also in the eighth stage of No. 5 set, Rosherville, after 
7,801 hours. These three rings were eased when first 
fitted and have never been subjected to heavy pressure. 
It therefore seems clear that the metal deteriorates 
irrespective of the compression to which the blades are 
subjected. 

In the case of the guide blade diaphragms on turbines 
Classes 4 and 5, which were fitted to relieve blade 
stresses, 1 mm. clearance was left round the cireum- 
ference by the erectors. This was absorbed during the 
first year of running, and, in addition, in some cases, 
ve eavy distortion has taken place. 

ig. 25 shows the guide blade diaphragm for the 
second stage on one of the 12,000-kw. sets installed at 
Brakpan in 1915, and the photograph was taken after 
8,822 running hours (14 months). e rim of the dia- 
phragm portion should be flush with the top side of the 
outer retaining ring, but has moved in. toward the 
following stage, shown by the dotted line. In addition, 
practically every blade is cracked, this being the first 
instance which has occurred at such an early stage in the 
machine after such a short life; the material is 30 per 
cent. nickel steel, 2 mm. thick. In this case the clear- 
ance was most likely very soon taken up, and the heavy 
pressure doubtless had much to do with the cracking 
and was mainly responsible for the distortion. 

Finally, we have cases on record where long life has 
been attained without the rings being eased at all. On 
one of the 3,000-kw. sets installed at Brakpan some of 
the blading was renewed after 46,890 hours (stages 
2, 6, 7), and on the adjoining set the blading was eased 
after over 40,000 hours, and is still in commission and 
in condition after 59,000 hours, with the exception 
of the guide ring for stage 2, the blades of which are now 
cracking. In both machines the blades are of J steel. 
The steam temperature at the stop valve has been 
somewhat lower on these sets, being about 290 deg. C., 
as against 320 deg. C. to 350 deg. C. on the sets pre- 
viously dealt with. This difference in life is most difficult 
to account for. Some makers use steel castings for 
turbine diaphragms, and this material an 
advantage over cast-iron in that it is not, as far as the 
author is aware, subject to permanent growth to the 
same extent as the latter material. 

With regard to the sudden expansion of the blades 
themselves when starting up a set from a cold state, 
the blades are thin and will temporarily attain a a 
temperature than the retaining rings; they will be 
subjected to compression stresses on this account, 
although 30 per cent. nickel] steel probably has a very 
low coefficient of expansion; 36 per cent. nickel steel 
(invar), used for instrument work, has no coefficient 
of expansion. 

In this connection the number of starts over an 
extended period have been examined on the various 
9,600 kw. sets, but this does not seem to have any bear- 
ing on the life of the blades, and it is probable that these 
stresses are not so serious as others which the blades 
are called upon to withstand. 

It having been decided to cast these guide blade rings 
locally, their manufacture presented some difficulty at 
first, and previous to the work being put in hand some 
of the old guide rings were rebladed as an emergency 
measure. Gctinesy steel plate, 2 and 3 mm. thick, was 
used, cut to shape and bent round a former. The 
blades were then flanged and riveted between the 
retaining rings, a fairly neat job being made. Fig. 26 
shows the blade ready for iq The blades were 
quite sound when last examined, but had only been in 
commission for 2,839 hours. It will be interesting to 
see whether this method of are up the rings will 
increase the life of the blades. There may be some 





advantage in the flanging, a little more elasticity, 
perhaps, and, further, the blades are not subjected to the 
intense heat which is unavoidable when the molten iron 
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is cast round them. It is significant that the turbine 

in which these rebladed rings are fitted is less efficient 

than the others of similar type. This may be due to the 

rivet heads and flanged portion of the blades, which 

on apg into the steam passage and obstruct the steam 
ow. 

Other Stresses, Vibration, Impurities in the Steam, 
é&c.—If we assume the drop in pressure across each 
diaphragm to be 6 lb. per square inch, and the diameter 
of the diaphragm to be 60 in., the guide blades have to 
withstand a lateral force of 8.4 tons, which, divided 
between the blades, may not be excessive. In addition, 
however well the machine is balanced, a certain amount 
of vibration will take place, due to the rotation of the 
parts, and also due to the passage of steam through the 
blading. This vibration, acting on the guide blades 
while under stress from the diaphragm pressure, and 
perhaps at a critical temperature, may cause cracks to 
develop and ultimately break down the material. 
Another factor which may influence deterioration and 
account for the difference in life at various stations is 
impurities carried over from the boilers with the steam. 
For instance, on the 3,000-kw. sets at Brakpan, where 
exceptionally long life has been attained, the boilers are 
supplying steam to reciprocating compressors, and oil 
used for lubricating the steam cylinders has found its 
way into the boilers, and from these to the turbines. 
It occurs here as a greasy deposit on the guide blades, 
which may have acted as a protective covering. The 
feed water make-up at this station was at one time 
strongly alkaline, being quite different from that at 
Rosherville or Simmer Pan, while at Vereeniging river 
water is used, which is comparatively soft. 

Two final cases are given, which are interesting on 
account of the rapidity with which deterioration takes 
place, and also because the machines are of later design 
than those previously described. The first of these is 
one of the 12,000-kw. generator turbines installed at 
Brakpan, containing 11 guide blade diaphra , the 
blades in the first seven being 2 mm. thick, of high per- 
centage nickel steel J; of these the Ist, 6th and 7th 
contained blades so badly cracked after 8,822 hours as 
to be unsafe, while in the 5th the blades were just com- 
mencing to crack; in diaphragms 2, 3 and 4 the blades 
were quite sound ; in the remaining four stages, beyond 
the 7th stage, the blades are of sacl cnnsnining no nickel 
(H) and are in good condition ; in three of these the blades 
are 3 mm. thick, and in the fourth and last 4 mm. thick. 
The first five stages on this set have been subjected to 
heavy pressure, so much so that displacement of the 
diaphragms has occurred, as shown in Fig. 25, pre- 
viously described. It would appear from the above 
that the H steel, 3 mm. thick, will give better results 
than the 2 mm. J steel, although it is strange that in 
diaphragms 2, 3 and 4 the latter material shows no 
cracks; one can only conclude that there must be 
some difference in manufacture of the plates from 
which the blades are made, as the rough analysis shows 
the material to be similar, and the conditions are the 
same as on the diaphragms at either side. 

The other case is on the three large compressor turbines 
of 10,000 h.p. installed at Rosherville. 

There are five guide blade diaphragms in these sets, 
the first two containing H steel blades without nickel, 
5 mm. thick on the inlet side, tapering to 2 mm. on 
the outlet side. These blades show no cracks after 
11,000 hours. Diaphragms 3, 4 and 5 contain blades 
2} mm. thick, of uniform section, and on two sets dia- 
phragm 3 has nickel steel (J) blades, which have both 
cracked badly after 10,000 and 11,000 hours respec- 
sidely, On the third set blades containing no nickel 
(H) are used, and at present are quite sound after 6,000 
hours. On the fourth diaphragm J steel has been used 
for compressors 8 and 9, and in both cases the blades 
have cracked after 11,000 and 6,000 hours respectively ; 
while on compressor 7 H steel is used and is in good 
condition after 10,000 hours. J steel is used through- 
out for ape 5, and when examined the blades 
were cracked in one case only. 

The following table shows the arrangement of blades 
and condition when examined after the number of 
running hours specified. H signifies steel containing 
no nickel, and J 30 per cent. nickel steel :— 


10,000-h.p. Compressor Turbines. 








No. 8. No. 9. 
11,543 hours. 5,904 hours. 


Diaphragm 


No. 7. 
10,362 hours. 


H, steel good H, steel good. 
H, good. 
J, slightly 


H, steel good 
| J, badly 
cracked 
H, good es 90 


J, good 


J, cracked 











-+| 4, cracked 





The above results point to H steel being a much more 
suitable metal for guide blading than J steel. No. 7 
compressor has been opened up quite recently (since the 
above table was drawn up), and the guide blades have 
been hammer-tested severely. In the third diaphragm 
cracks in the blades are clearly visible before hammering, 
and with a few smart blows the cracks extend over the 
surface and pieces can be knocked out. The H steel 
blades, contaiming no nickel, used in diaphragm 4, were 
treated in the same manner, but no cracks were produced, 
the metal being ~~ sound. In diaphragm 5 no cracks 
were visible until the blades were struck a few times, 
when the cracks appeared, showing the metal to be in 
the early stages of deterioration. The guide blading 
was in commission for just over 13,000 hours when this 
examination took place. 


A photomicrograph of the H steel in use is shown in 
Fig. 14, on Plate XLIII ante. 

Conclusions.—In summarising the behaviour of the 
materials used in blading these turbines, it will be seen 
that there is no difficulty in choosing a material for 
moving blades which can be depended on to give fairly 
satisfactory results in particular stages. Five per cent. 
nickel steel, brass and aluminium bronze in suitable 
stages will have a life of 40,000 hours, and perhaps 
50,000, or more, which, if the turbines are run con- 
tinuously, means five or six years. It is probable that 
in the majority of power stations the running hours would 
be much less, and. the number of years the blades 
would last will be correspondingly increased. One has 
to decide what constitutes a satisfactory life, and if we 
assume the turbine will be in use for 15 or 20 years, the 
ideal blade material is one which will do its work effi- 
ciently for this period. If long life can only be achieved 
by the use of expensive —— the cost of such material 
would have to be compa with the saving in main- 
tenance which would result by its use. 

With regard to the life of turbine plant, one has to 
consider the probability of future improvements, which 
might increase the efficiency of turbines to such an 
extent that it would pay to scrap existing plants and 
instal new ones. 

One has to admit, however, that a very considerable 
advance in efficiency would have to be made to justify 
this course, and the uncertainty of a sufficient improve- 
ment is a further argument for better blading material. 

A saving of 1 per cent. in coal consumption on a 
10,000-kw set supplying 6,000,000 units per month may 
represent about 400/. per annum. 

With regard to inlet nozzles, it is clear that no reason- 
able expense should be spared in making these absolutely 
reliable; nozzles with thin cast-iron vanes should be 
abolished, but if cast-iron is used the design should 
be such that there is no possibility of pieces becoming 
detached. 

The guide blading in use on these turbines is clearly 
unsatisfactory, and the reader may wonder why this 
state of affairs has not been remedied long ago. The 
user is, however, largely in the hands of the turbine 
builder, and, further, if a mistake has been made in 
design or material in the original installation, three years 
or more must often elapse before this is discovered, and an 
equivalent time is taken to prove the success or otherwise 
of any alteration. Incidentally, thousands of pounds 
are spent by the user in large installations in renewing 
defective blading and making good damage caused by 
broken pieces, collapsed rings, &c. This maintenance 
should be unnecessary, and for this reason the defects 
have been given in considerable detail. 

While the author feels that mild steel is preferable to 
the high-percentage nickel steel in use, it must be 
admitted that the latter has given good results in many 
cases. On the fourth diaphragm J steel has been used 
for the 10,000-h.p. compressors 8 and 9, and in both cases 
the blades cracked, while on compressor 7 H steel and 
is in good condition. 

High percentage nickel steel has been more exten- 
sively used and for a much longer period than non- 
nickel steel. The latter material is in use on No. 4 
generator turbine, Rosherville, and in this case consider- 
able pitting has occurred. The evidence obtained on 
the 10,000 h.p. compressor turbine, Rosherville (No. 7), 
is, however, very much in favour of mild steel, and there 
seems little doubt that it will prove the better material. 
The possible causes of deterioration are not conclusive ; 
they may all be contributory to the general failure, and 
the inconsistency of results, particularly at different 
stations, makes the whole subject very puzzling. One 
is inclined to blame 30 per cent. nickel steel because so 
much of it is in use and fails, and it may be that mild 
steel will also prove unsatisfactory through cracking or 
pitting. 

Blades made from brass sheet and carefully fitted to 
retaining rings have been used for small turbines by 
some manufacturers, and various methods of attaching 
blades could be devised. The cast-in method used on 
the turbines described in this paper is, however, very 
simple and requires a*minimum amount of machining 
and fitting, so that it would be preferable to retain this 
design if satisfactory results can be obtained. 

The author believes that the position can be much 
improved by the use of thicker blades of mild or low- 
percentage nickel steel, say, yy in., or } in. tapered, 
perhaps, on the outlet side to 4 in. Unfortunately an 
alteration of this kind on a ring designed for 2 mm. 
blades reduces the area for steam passage somewhat. 
To obtain the same port area the radial length of the 
guide blade would have to be greater, necessitating a 
longer moving blade. The following alterations have 
been made, which may result in a considerable improve- 
ment in the life of the guide blades. 

In the case of the guide blade diaphragms for the 
10,000-h.p. compressor turbines, in addition to sub- 
stituting B, C and Cl steel for J steel, the blades have 
been increased in thickness from 2.25 mm. to 3 mm. in 
three diaphragms on one turbine without affecting the 
efficiency or output. 

On the 12,000-kw. generator turbines at Simmer Pan 
and Brakpan six stiffening blades of mild steel, 4 in. 
thick, have been cast in each half; these are distributed 
equally round the diaphragms and take the place of the J 
steel blades, 2 mm. thick, originally used. The remain- 
ing blades are 2 mm. thick, B, C and C1 steels being used 
in the various diaphragms. 

On the same class of turbine another experiment is 
in hand; cast-iron stiffening blocks are being cast 
between adjacent guide blades on the horizontal and 
vertical diameters of the diaphragm. This blocks up 
four ports in the complete ring, and should stiffen up the 





diaphragm very considerably. In addition, the material 





has been changed from high-percentage nickel steel to B 
and C steel. 

The guide blade diaphragms on which the last two 
experiments are being tried are not yet in commission, 
so that the effect on efficiency is at present unknown. 

The author cannot say whether similar trouble is 
prevalent on turbines made by other firms, and any dis- 
cussion which this paper may promote will be valuable 
in throwing light on the best design and material for 
turbine blading. It is hardly to be expected that 
manufacturers will advertise defects in their machines, 
but users need have no scruples in this respect. 

In conclusion the author desires to thank the manage- 
ment of the Victoria Falls and Transvaal Power Com- 
pany, Limited, for permission to publish the information 
contained in this paper, and also Messrs. C. W. R. 
Campbell and Val Davies for preparing the slides and 
photographs which accompany the paper. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

WE give below a few data on several Colonial and 
foreign engineering projects, taken from The Board of 
Trade Journal. Further information on these projects 
can be obtained from the Commercial Intelligence 
oa. Board of Trade, 73, Basinghall-street, London, 

Tasmania.—With reference to the notice on page 318 
of The Board of Trade Journal of February 1, and to 
previous notices, relative to the Tasmanian hydro- 
electric installation scheme, which is in process of 
realisation, H.M. Trade Commissioner in Australia 
(Mr. G. T. Milne) has forwarded an extract from the local 
press containing a report by the manager of the 
Tasmanian Government hydro-electric undertakings 
concerning further projected schemes. In addition to the 
Great Lake and King River schemes, it is stated that 
others are likely to be put in hand. There will be no 
difficulty in developing on the West Coast itself all the 
power needed there, even if the demand grows much 
larger than is at present anticipated. Over 10,000 h.p. 
can be developed at Lake Rolleston, near Zeehan, and 
the Franklin River and other possible sources of power 
are now being prospected. Later, when copper is 
cheaper, an inter-connecting wire may be run from the 
West Coast to the Great Lake. In the central plateau 
region several schemes, quite apart from the Great Lake, 
are now being inquired into. It is thought that 40,000 
h.p.—possibly more—can be developed on the river 
Derwent; the works will probably be some distance 
below Lake St. Clair, which will serve as a reservoir. 
The Arthur Lakes are a source which seems well able 
to yield 40,000 h.p. to 50,000 h.p. These schemes are 
likely to be held in abeyance for some time. 

Russia.—H.M. Consul at Ekaterinburg (Mr. T. H. 
Preston) reports, under date March 4, that a local firm 
of engineers, who before the war dealt entirely and on 
a very large scale in German machinery and tools, has 
recently rented about 121 acres of land in the vicinity 
of Ekaterinburg, on which it is proposed to erect large 
metallurgical works. The erection of these works, it is 
stated, has been decided upon after tests with Ural iron 
had been made abroad, which gave excellent results. 
The name of the firm referred to may be obtained by 
British firms interested on application to the Department 
of Commercial Intelligence, 73, Basinghall-street, London, 
E.C. 2. In making application the reference number 
(177) should be quoted. 

Norway.—According to a report to his Government 
by the United States Consul-General at Christiania, 
published in Commerce Reports (Washington) of March 27, 
the Norwegian Government has recently been advised 
by a committee of the Storthing not to allow foreigners 
or foreign companies to acquire waterfalls in Norway, 
except in special circumstances. The power contained 
in the Norwegian waterfalls has been estimated at from 
6,000,000 h.p. to 10,000,000 h.p., and the development 
of these falls has been accomplished largely through 
the aid of foreign capital. The acquisition of water 
power by foreigners in Norway is regulated by the 
Law of September 18, 1909, by the terms of which only 
the Norwegian Government or municipalities or Nor- 
wegian subjects were permitted to acquire waterfalls 
of more than 1,000 h.p. without Government sanction for 
each individual case. This law was made more stringent 
by the Law of August 4, 1911, which provided, «ter 
alia, for a tax payable to the local authority and the 
State. A Royal Commission, which has been at work 
for several years on a revision of concession legislation, 
has just submitted to the Storthing a new Bill. 
Under this Bill it is proposed that foreign subjects 
and companies shall not be allowed to acquire con- 
cessions except in special cases, as, for instance, when 
an industrial concern already in operation wishes to 
acquire or regulate a waterfall. Joint stock and other 
limited liability companies must in future have an 
entirely Norwegian board, with registered offices in 
Norway, and exclusively Norwegian capital, in order to 
obtain permission to acquire waterfalls. In the case of 
mining property a concession period of not more than 
fifty years is proposed. The concessionaire must engage 
to satisfy certain social conditions. It is stated 
that an investigation made in 1909 showed that 
at that time 38 per cent. of the capital of industrial 
companies was in foreign hands; that 85 per cent. of 
the capital in electro-chemical undertakings was similarly 
held by foreigners ; and that 80 per cent. of the capital 
invested in mining enterprise was forei Notices 
relative to the Laws of September 18, 1909, and August 4. 
1911, appeared in the issues of The Board of Trade 
Journal of October 21, 1909 (page 132), and February 29, 
1912 (page 469), respectively. 





